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ABSTRACT 
Dysdercus koenigii (Fabr.) (Heteroptera:Pyrrhocoridae) is widely 
distributed in India and is minor/sporadic pest of cotton crop in Punjab and Uttar 
Pradesh. It feeds on okra, maize and pearl millet etc. The insects were 
maintained in a B.O.D. chamber at a temperature of 28±2°C and relative humidity 
of 70-80 percent. A maximum of 35-40 adults were kept in a jar with sterilized 
sand at its bottom and provided with water soacked cottonseeds as food. The 
eggs were laid by the females on the cottonseed or on moist sand and were 
collected with the help of camel hairbrush. The food was changed daily while the 
jars were changed twice a week in order to maintain hygienic conditions. 
Effect of synthetic insecticides and neem formulations on the biology of D. 
koenigii was studied under laboratory conditions. Desired concentrations i.e. 
0.01, 0.02 and 0.04 percent of multineem (8 EC) and neemjeevan (0.3 EC) and 
0.001, 0.002 and 0.004 percent of imidacloprid (Confidor, 200 SL), 
monocrotophos (Hilcron, 36 SL), quinolphos (Byrusil, 25 EC) and oxydemeton-o-
methyl (Metasystox, 25 EC) were applied topically @ 1(J|/IV instar on the thoracic 
terga by means of a microapplicator. 
A concentration dependent mortality in IV instar was obtained by 
multineem and delayed mortality in V instar also. The longevity of surviving 
treated IV instar was prolonged in comparison to that of untreated individuals as 
well as nymphs moulted into V instar also increased. Surviving females derived 
from treated IV instar laid 61.66, 51.55 and 37.66 eggs at 0.01, 0.02 and 0.04 
percent concentrations respectively. Hatching was considerably reduced. 
Emerged adults derived from treated IV instar were significantly malformed 
except those treated with lower concentration. Multineem prolonged premating, 
pre-oviposition and oviposition period as well as post-oviposition period was 
significantly reduced. The longevity of mated and unmated females and males 
was shortened. 
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The highest mortality in IV instar was recorded at 0.04 percent 
concentration of neemjeevan. The duration of IV and V instar was insignificantly 
enhanced. Adult emergence was substantially decreased significantly decreased. 
The fecundity of surviving individuals derived from treated IV instar was greatly 
affected. Fertility was significantly decreased at 0.04 and 0.01 percent 
concentrations in comparison to the normal individuals. The highest number of 
deformed individuals was produced at 0.04 percent concentration. Premating, 
preoviposition and oviposition period was rduced. The post-oviposition period 
was considerably reduced. The longevity of mated females and males shortened 
and unmated females live longer than males. 
0.004 percent of imidacloprid gave highest mortality in IV and V instars. 
The longevity of surviving individuals of IV and V instar was prolonged but 
insignificant in comparison to untreated individuals. Adults emergence was also 
affected. Females laid significantly lesser number of eggs than control. Fertility 
was also significantly inhibited at higher concentrations than the lower. The 
premating, preoviposition and oviposition enhanced and post-oviposition period 
derived from the treated IV instar was significantly decreased. The longevity of 
mated male was considerably decreased while unmated showed insignificantly 
reduced longevity while untreated mated and unmated females live longer than 
treated ones. 
The mortality in IV instar was 8.33, 15.00 and 28.33 percent at different 
concentrations of monocrotophos respectively. The longevity of surviving IV 
instar was prolonged as 131.16, 134.33 and 138.00 hours at 0.001, 0.002 and 
0.004 percent concentration of monocrotophos respectively. The longevity of 
surviving IV and V instars was prolonged. Emerged adults were less in number 
as compared to untreated ones. The fecundity of surviving females was 
decreased significantly. Hatching was markedly reduced while malformed 
individuals were more in number at 0.004 percent concentration of 
monocrotophos than other treatments. Premating, pre-oviposition and oviposition 
period was reduced.The progeny obtained from treated IV instar has decreased 
pos-toviposition period. Longevity of mated males and females was significantly 
reduced. An almost same result was also obtained in case of female individuals 
both mated as well as unmated. 
0.001,0.002 and 0.004 percent concentrations of quinolphos caused 
mortality in IV and V instars. Longevity of IV and V instar was slightly increased. 
Adult emergence was substantially reduced by the application of quinolphos. The 
fecundity and fertility was also significantly reduced. Higher number of malformed 
individuals were also produced at 0.004 percent of quinolphos than other 
concentrations. Premating, pre-oviposition, and oviposition period of female 
individuals obtained from treated IV instar was substantially increased. The post-
oviposition period was significantly shortened. The longevity of mated and 
unmated females and males derived from treated IV instar was significantly 
decreased. 
21.66, 34.99 and 54.99 percent mortality of both IV and V instar was 
produced after topical application of 0.001, 0.002 and 0.004 percent of 
oxydemeton-o-methyl respectively. The longevity of survivors i.e. IV and V instar 
was increased in comparison to untreated control. Emerged adults derived from 
treated IV instar was also influenced by oxydemeton-o-methyl. The eggs laid by 
a single female was significantly decreased in the individuals obtained from the 
0.004 percent treated nymphs while insignificant at 0.002 and 0.001 percent 
concentrations. The fertility was also considerably decreased. The highest 
malformed individuals were produced at 0.004 percent and the lowest at 0.001 
percent concentration. The premating period was insignificantly delayed at this 
concentration whereas a significantly delayed preoviposition period was recorded 
at 0.004 percent. The oviposition period was also affected in those individuals 
obtained from treated IV instar. The pos-toviposition period was significantly 
decreased in the surviving females. Longevity of mated males was significantly 
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decreased compared to control whereas insignificant in unmated males. 
Longevity of mated and unmated females was significantly reduced. 
Efforts have also been made to study the quantitative estimation of protein 
of gonads of treated and untreated bugs to ascertain the effect of these 
insecticides on the constituents of gonads. The estimation was made at age 
interval of 1-day, 4-day and 7-day old adult after emergence. The quantity of 
ovarian protein in multineem treatment was insignificantly decreased in 1-day old 
derived from treated IV instar. In 4-day old untreated female, total ovarian protein 
was increased to 42.855mg/100mg, while in treated survivors the level of protein 
decreased. In 7-day old females the inhibition was also insignificant as compared 
to control. Neemjeevan treated insects, protein level in 1-day old goes down. 4-
day old survivors derived from treated IV instar the level of protein was 
significantly inhibited at all concentrations. 7-day old female derived from treated 
IV instar showed 44.302, 41.355 and 41.069 mg/100mg of protein at 0.01, 0.02 
and 0.04 percent concentrations respectively. 
Ovary protein of 1-day old treated imidacloprid was partially affected. 
Almost insignificant and significant inhibition was observed in 4-day and 7-day 
old respectively. Protein of 1, 4 and 7-day old females derived from IV instar 
treated with 0.001, 0.002 and 0.004 percent concentrations of monocrotophos 
was significantly and insignificantly reduced. Two fold increase in the amount of 
ovary protein in 7-day old females was observed. 0.001 and 0.002 percent of 
quinolphos did not cause significant decrease in ovary protein in 1 and 4-day old 
respectively. In 7-day old female, the amount was significantly inhibited at all 
concentrations. 0.004 percent of oxydemeton-o-methyl was proved to inhibit the 
protein of ovary more significantly than other concentrations . 
Testis protein of male derived from IV instar was more inhibited by 
synthetic insecticides than neem products at different age intervals. Multineem 
did not significantly inhibit the testis protein. The amount of testis protein 
decreased from 21.940 mg/100mg in 1-day old untreated control to 14.443, 
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13.806 and 14.061 mg/100mg at 0.01, 0.02 and 0.04 percent of neemjeevan 
respectively. The level of protein attained a high peak i.e 46.305 mg/100mg in 7-
day old males but testis protein was not significantly inhibited in in this age as 
compared to that of untreated control. 0.004 percent concentration of 
monocrotophos caused a significant decrease of testis protein in 1-day old male 
and almost same result obtained in imidacloprid. Whereas, 4 and 7-day old 
males derived from IV instar treated with 0.001, 0.002 and 0.004 percent of 
monocrotophos affected the level of protein adversely. Quinolphos seems to be 
most promising which significantly reduced the amount of testis protein. In 1-day 
old females derived from quinolphos treated IV instar caused a significant 
reduction of testis protein. In 4-day old male derived from treated nymph, the 
testis protein was significantly reduced while it did not offer a significant inhibition 
of protein in 7-day old males. Males derived from oxydemeton-o-methyl treated 
with IV instar showed significant reduction in the level of testis protein in 
comparison to untreated control. 
Efforts have been made in the present study to quantify the cholesterol at 
different age intervals i.e. 0-day, 1-day, 2-day, 3-day, 4-day, 5-day and 6-day old 
ovary of D. koenigii derived from treated IV instar. In 0-day old female derived 
from 0.01, 0.02 and 0.04 percent concentration of multineem did not show 
marked inhibitory effect while, significant inhibition was recorded in the ovary of 
1-day old female. In 2-day old female the quantity of cholesterol in the ovary was 
highly reduced. Whereas cholesterol was only insignificantly reduced in 3-day old 
female. 0.04 percent of multineem caused marked reduction in the quantity of 
cholesterol than at 0.01 and 0.02 percent recorded in 4-day old female.ln 5-day 
old females 0.04 percent of multineem gave significantly less amount of ovary 
cholesterol whereas 6-day old female did not show a significant decrease. In 0-
day old females derived from neemjeevan treated IV instar the cholesterol level 
was insignificant. A significant inhibitory effect at different concentrations of 
neemjeevan was however, obtained in 1-day and 2-day old females. In 3-day old 
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females inhibition caused by the neemjeevan was insignificant. A significant 
reduction was obtained in 4-day old females derived from 0.04 percent 
concentration. Inhibitory result caused by 0.04 percent concentration on 5-day 
and 6-day old was also found to be significant. 
0-day old females derived from IV instar treated with imidacloprid showed 
a significant reduction in ovarian cholesterol whereas, 0.004 percent gave 
insignificant result. In 1-day and 2-day old female the inhibitory effect caused by 
aforesaid concentrations are highly significant in relation to untreated control. In 
3-day old untreated female the level of cholesterol in ovary was greatly increased 
in comparison to 0-day, 1-day and 2-day old females. While the total effect in the 
ovarian cholesterol in 4-day old was statistically insignificant and significant in 5-
day old female. In 6-day old a substantial reduction in the level of ovarian 
cholesterol was obtained. Topical application of 0.001,0.002 and 0.004 percent 
concentrations of monocrotophos was made on IV instar the surviving derived 
female adult showed statistically significant inhibition of ovary cholesterol at 0-
day, 1-day, 2-day and 5-day while insignificant at 3-day, 4-day and 6-day. 
Quinolphos was found highly effective causing a significant reduction in the level 
of ovary cholesterol in the female of D. koenigii derived from treated IV instar. A 
significant decrease in the quantity of ovary cholesterol was found in the 0-day, 
1-day, 2-day, 4-day old female. Insignificant inhibition was obtained on 3-day and 
5-day old females. Inhibitory effect caused by oxydemeton-o-methyl was 
significant in 0-day, 1-day, 2-day and 5-day old adult females. 0-day old female 
derived from IV instar treated with 0.001, 0.002 and 0.004 percent concentrations 
showed a significant decrease where as insignificant result was observed in 3-
day, 4-day and 6-day old females. 
Testis cholesterol of different age intervals derived from desired 
concentrations of insecticides treated IV instar was estimated. Quantity of 
cholesterol in the testis of adult was high at beginning of age and then decreased 
to 1.808 mg/100mg and again increase to 3.488 mg/100mg in 4-day old male 
7 
before climbing down to 1.435 mg/100mg in 6-day. In 0-day, 1-day, 3-day and 
4-day old males, the inhibitory effect caused by different concentration of 
multineem was not significant in comparison to control. In the 2-day, 5-day and 6-
day old males derived from IV instar treated with 0.01, 0.02 and 0.04 percent 
concentration of multineem respectively the inhibited amount was found to be 
significant. In 0-day, 1-day, 3-day and 4-day old males, reduction in the testis 
cholesterol was more with 0.04 percent concentration than that of 0.01 and 0.02 
percent of neemjeevan. A highly significant decrease in the quantity of testis 
cholesterol was obtained in the 2-day, 5-day and 6-day old males. 
In 0-day, 1-day, 3-day and 4-day old the inhibition of cholesterol was 
found to be insignificant when it was treated with imidacloprid. In 2-day, 5-day 
and 6-day old males, a highly significant reduction was obtained. In 0-day, 1-day 
and 4-day old males derived from IV instar treated with 0.001, 0.002 and 0.004 
percent of monocrotophos, the level of cholesterol inhibition was decreased. In 2-
day , 3-day, 5-day and 6-day old males derived from 0.004 percent concentration 
treated IV instar manifested a significant inhibitory effect in cholesterol while 
other concentrations didn't. Reduction caused by quinolphos on the quantity of 
cholesterol was significant in 2-day, 5-day and 6-day old males derived from IV 
instar of D. koenigii. Although decrease in the level of cholesterol was also 
obtained in the 0-day, 1-day, 3-day and 4-day old adults derived from IV instar 
treated with 0.001, 0.002 and 0.004 percent of quinolphos. Oxydemeton-o-methyl 
also significantly inhibited testis cholesterol in the males of 2-day, 5-day and 6-
day old derived from IV instar treated with different concentrations. While of 0-
day, 1-day, 3-day and 4-day old derived from IV instar treated with 0.001, 0.002 
and 0.004 percent of oxydemeton-o-methyl the inhibition was not significant as 
compared to that of untreated males. 
Histopathology of reproductive organs of males and females of D. koenigii 
was also included in the present study in order to understand the degenerative 
changes occurred due to insecticides as well as neem formulations. Ovary of 4-
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day old female of D. koenigii is milky white in colour and consists of seven 
telotrophic meroistic ovarioles. Each ovariole is composed of a terminal filament, 
germarium, vitellarium and pedicel. The ovariole is enclosed by an outer 
epithelial sheath and inner the tunica propria. The distal part of ovariole is 
germarium, which contains germ cells, trophocytes and prefollicular tissue. The 
central part is occupied by central core, trophic core to which nurse cells send 
finger like projections and lay down their nutritive components into the trophic 
core. The posterior end of trophic core bears a number of cytoplasmic 
projections, the nutritive cords which extends to the developing oocytes. The 
prefollicular tissue consists of spindle- shaped cells oriented with their long axis 
at right angles to the long axis of the ovariole. In vitellarium seven to eight 
oocytes are seen at various stages of development arranged according to 
maturity. It is a previtellogenic phase of oocyte when it leaves the distal part the 
nutritive cord is withdrawn. The nucleus of young oocyte, germinal vesicle is 
large in the previtellogenic phase. The follicles are separated from each other by 
interfollicular tissue. 
Histological degenerations have occurred in the ovary of 4-day old adult 
females derived from 0.04 percent multineem treated IV instar. The size and 
shape of germarium was invariably affected. Cells of prefollicular tissue are 
smaller but spindle in shape. Pycnosis was not observed in these cells. Tunica 
propria was almost intact and no change occurred in this layer. Trophic core 
looses its smoothness and becomes irregular in shape. Nucleus of the primary 
oocytes lying in the centre and chromatin material remained clumped. 
Cytoplasmic nutritive cord in multineem treatment loses it compactness. In 
vitellarium, follicular epithelial cells are 2 or 3 layers thick, which enclose the 
young oocytes but the cells are no more columnar in shape as has been 
observed in the untreated control. The nutritive cords are detached from young 
oocytes. Ooplasm is thick and condensed. Tunica propria is irregular in the 
proximal part of vitellarium. Chromatin material is highly dispersed which form a 
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network in the nucleoplasm. Cytoplasm of these cells is vacuolated and 
containing certain endobodies. 4-day adult females derived from 0.004 percent of 
monocrotophos treated IV instar showed that growth of ovariole is significantly 
affected and size of ovariole is reduced. Tunica propria slightly is detached from 
germarium and vitellarium. Trophocytes are also not well developed becoming 
loosely packed and a few of them show pycnosis. The size of vitellarium is 
considerably reduced as compared to untreated control. The distal part of 
vitellarium consists of 3 developing oocytes and they do not attain their 
respective size as well as cytoplasmic cords are probably detached from them. 
Nucleus of oocyte, germinal vesicle is significantly smaller than the untreated 
control. Chromatin granules are condensed. Yolk which is synthesized outside of 
the ovary is greatly impaired, therefore size of oocytes are not increased by 
incorporation of yolk. Though follicular epithelium is stretched and their cells are 
atrophied neither columnar nor squamous. Interfollicular cells are also highly 
disorganized and are compressed between the two oocytes. 4-day old obtained 
from 0.004 percent oxydemeton-o-methyl treated IV instar showing a number of 
degenerations of different magnitude in the germarium and vitellarium. The 
germarium did not develop as much as compared to untreated control. The size 
of trophocytes is significantly reduced and a few of them are showing pycnosis. 
Only a few primary oocytes are found at the proximal part of germarium. The 
chromatin material is highly dispersed forming a network in vitellarium. The 
follicular cells which surround the young oocytes are highly irregular. The 
interfollicular layer between the two young oocytes is obliterated and compressed 
as well as disorganized in such a way that gives an impression of mass of 
overlapping cells. The ooplasm become thick and condensed with the treatment 
of oxydemeton-o-methyl. Nuclei of follicular cells couldnot divide amitotically. 
The testis of 4-day old D. koenigii is red in colour and ovoid in shape. 
Each testis consists of seven testicular follicles. The epithelium of follicle is 
fibrillated in appearance. The distal most part of follicle is known as germarium 
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containing germ cells divide mitotically to produce primary spermatogonia. The 
spermatocytes consist of large granulated nuclei. Then each spermatocyte 
undergoes two meiotic divisions to form four spermatids. The spermatids are 
round in shape and cyst is degenerated. The most proximal part of testis consists 
of sperm bundles into zone of transformation. Testis of 4-day old adult male 
derived from 0.04 percent of multineem treated IV instar showed some 
histological degenerations but not significant. The spermatogonia insignificantly 
affected but a few of them showing clumping of chromatin materials as well as 
cytoplasm vacuolated. The size of the spermatocytes get decreased as 
compared to control. Testis obtained from survivor of 4-day old adult male 
derived from 0.004 percent monocrotophos treated IV instar showed 
considerable histological degenerations. The spongy epithelium become irregular 
and more cavities are developed. Some of the spermatogonia showing their 
chromatin material are stained dark. A number of changes occurred in the 
spermatocytes i.e. shape is changed from hexagonal to elliptical and oval. The 
number of spermatid formed declined with monocrotophos treatment. The 
sperms are formed but their number is quite less as compared to control. 
Histological changes occurred in the testis of 4-day old male derived from IV 
instar treated with 0.004 percent oxydemeton-o-methyl showed that the tunica 
externa is intact while spongy epithelial layer present more cavities than the 
control. Fibrillated testicular epithelium becomes weak and looses its 
compactness. In germarium, a few nuclei of spermatogonia are having clumped 
chromatin material. Similarly a number of degenerative changes occured in the 
zone of transformation. 
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INTRODUCTION 
India is a predominantly agriculture country with nearly seventy percent 
of its total working population engaged in agriculture. It accounts for more 
than half of the total National Income and therefore mainstay of Indian 
economy. India with its diverse climatic zone is capable of growing large 
variety of crops and therefore occupies an outstanding position in World with 
respect to several agriculture products. 
Cotton is a premier cash crop that influences the economic 
development of many countries including India. It is considered as a major 
agriculture commodity sustaining Indian economy with export worth Rs. 
38,000 crores (Kairon, 1996). Cotton fibre particularly Asiatic cotton 
(Gossypium arboreum and G. herbarium) are indigenous to India. Whereas, 
New World variety, G. hirsutum was introduced in eighteenth century. India 
is the only country in World where four species of cotton viz, G. arboreum, G. 
hirsutum, G. herbarium and G. barbadence along with intra and interspecific 
hybrids are cultivated under diverse agro-climatic conditions varying from 8-
32° north latitude and 70-80° longitude in 3-zones, viz, northern, central and 
southern zones in an area of 7.5-8.5 million hectares (Kairon, 1996). In 2002-
03, cotton occupies an area of 9.25 million hectares and the production is 
9.31 million bales, which is much lower than the cultivated area (Source: The 
Hindu Survey of Indian Agriculture-2004). Thus India ranks third in World. 
Insect pests heavily attack cotton crop. In India 162 species of insects 
have been reported to cause damage (Sundramurthy and Chitra, 1992) 
among which 24 species have attained pest status and of these 9 are key 
pests in different zones and 6 are sporadic (Anonymous, 1995, Dhawan, 
1998) and loses may be about 50-60 percent (Anonymous, 1989, 
Sundramurthy and Chitra, 1992). In north zone sucking pest cause 11.6 
percent loss in cotton (Dhawan et al., 1998). 
Dysdercus koenigii (Fabr.) (Heteroptera:Pyrrhocoridae) commonly 
known as red cotton bug is widely distributed in India and is minor/sporadic 
pest of cotton crop in Punjab and Uttar Pradesh and also feeds on okra, 
maize and pearl millet etc. Both adults and nymphs suck sap from the leaves 
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and green bolls of cotton. During heavy infestation the bolls shriveled up and 
significantly affected the development of young bolls. Punctured young seeds 
may shrivel up and the tissues inside of the boll wall proliferate to form spongy 
white button. It is also responsible for the transmission of internal boll disease 
of cotton, caused by a fungus, Nematospora gossypii the spores of which 
appear to be injected into green bolls with salivary fluids (Pearson, 1934). The 
seeds produced may also have low germination and less oil. The lint is not 
properly formed but is stained by the excreta or by the nymphs being crushed 
during the process of ginning. The staining of lint by growth of certain bacteria 
inside the bolls is also believed to be initiated by these bugs. 
D. koenigii is elongated, slender, crimson red with white bands across 
the abdomen. The membranous portion of the forewings and scutellum is 
black. The bug is active throughout the year and passes winter in adult stage. 
The life cycle varies from 41-100 days depending upon climatic conditions, 
while 41-45 days in laboratory conditions. The female prefers to lay egg in 
moist soil. The incubation period varies from 4-7 days under field conditions 
but 4.5-5 days in laboratory conditions at 28-30X and 70-80 percent relative 
humidity. There are five nymphal instars and nymphal period ranges from 26-
89 days in field conditions but 24-26 days under laboratory conditions. 
Duration of first instar varies from 91.33-93.33 hours whereas second and 
third instar 89.66-92.00 and 91.00-93.33 hours respectively. In case of fourth 
and fifth instar, it varies from 119.33-122.33 hours respectively in laboratory 
conditions. The period of pre-mating varies from 58.66-60.00 hours whereas 
pre-oviposition and oviposition period varies from 41.33-43.33 and 64.66-
67.66 hours respectively. The females normally oviposit 4-5 times in their life 
span. The eggs are white or pearly cream colour and are laid in egg rafts of 
irregular shapes. The number of eggs female/oviposition varies. In general, 
the number of eggs laid by a female ranges between 106 and 119. The 
number of egg laid/female/oviposition generally decreases after second 
oviposition. With increasing age of females, the number of eggs laid is further 
reduced. Total adult life varies in between 17 and 19 days. There are about 3-
4 generations in a year. From August to October which is considered as a 
peak activity. 
The advent of pest problem leads to the development of chemical 
control method practically known as layman's weapon for easy and quick use. 
This however, resulted in ecological hazards. In addition to this, increasing 
dosages of insecticides further aggravated the condition by the development 
of resistance against several insecticides in a number of insect species. 
Georghiou (1990) has reported that about 500 insect species have developed 
resistance to one or more insecticides. 
Plants are known to be richest source of renewable bioactive organic 
chemicals. Plant origin insecticides are generally safer than conventionally 
used synthetic insecticides because they are natural compounds without 
having any ill or adverse effect on ecosystem, as well as cheaper and are 
easily affordable to farmers. Chances of development of resistance to such 
products are highly unlikely which has already been demonstrated 
(Schmutterer, 1997). 
It was the first field trial conducted by Pradhan and his co-workers 
(1962) who have demonstrated the antifeeding nature of aqueous suspension 
of ground neem kernel against the desert locust, Schistocerca gregaria Forsk. 
Later on Butterworth and Morgan (1968,1971) isolated and identified 
predominant bioactive molecule, Azadirachtin. The first proposal for its 
structural formula was made in 1972 (Butterworth et a/., 1972) but the final 
elucidation of the complicated molecule was achieved (Broughton era/., 1986, 
Kraus et a/., 1985). Recently its bioactivity particularly against insect pests 
has been investigated in detail (Saxena, 1989, Schmutterer, 1990, Singh, 
1993, Martinez and Emden, 1999, 2001). Neem has a complex series of bitter 
constituents, which are supposed to interfere in normal biological process. 
The effect of neem on insect parasitoids, predators and other non-target 
organism is of particular interest in integrated pest management and has 
received much attention from several workers (Joshi et a/., 1982, Srivastava 
and Parmar, 1985, Aguda ef a/., 1986, Rossner and Zebitz, 1986, 
Schmutterer and Hoist, 1987, Lamb and Saxena, 1990) and widely 
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recommended in pest management (Jayaraj et al., 1993, Parmar, 1993). 
Neem extracts have a very low persistence in the environment because of its 
high sensitivity to UV light (Barnby et al., 1989). 
The insecticides will continue to be one of the powerful weapons for the 
farmers in future. The exploitation of insecticides has further increased with 
the release of high yielding hybrids that are more susceptible to insect pests. 
Till today it is most dominant component of pest management in spite of the 
fact that it has adversely affected the cotton ecosystem due to its over and 
misuse. 
Therefore, it was aimed to promote botanicals as an alternative that is 
socially and environmentally acceptable in addition to being biodegradable 
and non-toxic to human beings. The present study is an attempt to 
understand the impact of synthetic insecticides and neem formulations on the 
biology of D. koenigii under laboratory conditions. 
Efforts have also been made to study the quantitative estimation of 
protein and cholesterol of gonads of treated and untreated bugs to ascertain 
the effect of these insecticides on the constituents of gonads. Protein 
metabolism plays an important role in reproductive development of insects. 
Proteins are the basic material used in formation of new cells in all living 
system thus they make up most of the dryness of a cells and provide the chief 
structural elements of muscles, glands and others tissues. Proteins determine 
the shape and structure of the cells and also serve as the main instrument of 
molecular recognition and catalysis. They are stored in fat bodies and much is 
deaminated or converted into carbohydrates or fat and thus used for energy 
production. During vitellogenesis remarkable amount of protein as well as 
lipids along with other substances is deposited as yolk in developing oocytes 
(Goltzene, 1977). The protein component of yolk spheres is generally 
believed to be synthesized in the nurse cells (King et al., 1956), but the fact is 
that it is synthesized in fat body and released into the haemolymph from 
where it is taken up by the growing oocytes (Price, 1973, Gelti-Douka et al., 
1974, Hr'ghnan and Hill, 1977, Chapman, 1985, Browns, 1986). A lot of work 
is on record regarding the effect of nutritional factors on ovarian development 
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(Strangways, 1961, Dethier, 1962, Orr, 1964a, Engelmann, 1970, de-Wilde 
and de-Loof, 1973, Clift and Mc-Donald, 1976, Spradbery and Schweizer, 
1979, Barton-Browne et a/., 1979, Vogt and Walker, 1987). Effect of neem oil 
has also been demonstrated to bring about significant reduction in protein 
level in gonads (Murugan etal., 1993). 
In contrast to many other animals insects are unable to synthesize 
sterols (Svoboda et ai, 1978). The symbiotic microorganisms, which some 
insects harbour, may however do so (Clark and Bloch, 1959b,Norris et ai, 
1969). The zoophagous insects such as Dermestes vulpinus (Clark and 
Bloch, 1959a,b, Kalz et ai, 1971), Lucilia sericata (Hobson, 1935), Calliphora 
erythrocephala (Kodieck and Levinson, 1960), Attagenus piceus (McKennis, 
1974) and Sarcophaga bullata (Goodfellow et ai, 1971) obtained cholesterol 
from natural food. On the other hand, phytophagous insects are capable of 
converting the phytosterols of their natural food to cholesterol (Robbins et ai, 
1971). The importance of cholesterol has also been established as a 
prerequisite in the synthesis of ecdysone (Kaplanis et ai, 1966, Robbins et 
ai, 1971, Thompson et ai, 1972), which is precursor of the moulting 
vitellogenic hormone. Cholesterol is an essential part of the growth and 
development. Therefore, insects require a dietary source of sterol for normal 
growth, metamorphosis and reproduction (Clayton, 1964). Cholesterol in 
insects in addition to being a precursor of moulting hormone (Karlson and 
Hoffmeister, 1963) also acts a constituent of lipoprotein in haemolymph 
(Gilbert et ai, 1977). The ability of insects to utilize sterol depends upon their 
ability to convert available sterol to cholesterol (Levinson, 1960). A few 
studies using insects have been made on distribution of cholesterol in 
individual organs (Casida et ai, 1957, Clayton and Edwards, 1961, 
Goodfellow and Gilbert, 1963, Zaidi and Khan, 1974, Dhillon et ai, 1983). 
Considering the importance of cholesterol in reproduction of insects, the 
present study has been undertaken to understand its distribution in the 
ovarian as well testis tissues of the insect under control and treated 
conditions. However, it is expected that the changes in the cholesterol and 
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also in protein levels coupled with pathological changes in the ovarian tissue 
may affect vitellogensis (Saxena and Bhatnagar, 1980). 
Histopathology of reproductive organs of males and females of D. 
koenigii also included in the present study in order to understand the 
degenerative changes occurred due to insecticides as well as neem 
formulations. An endeavor made by Brown (1963) to examine the histological 
degeneration in various tissues of adult Hieroglyphus nigrorepletus (Bol.) 
exposed to gamma BHC, malathion, phosphamidon with a view to compare 
the potency of these insecticides, and to locate the substantial site of action of 
these insecticides. Davis (1968) suggested that insecticides exert both 
nucleotoxic and cytotoxic effects on spermatocyte chromosomes. 
Histopathological changes in the alimentary canal caused due to insecticide 
poisoning has been established by several workers (Pilat, 1935, Woke, 1940, 
Sharma, 1966, Mukherjee and Mishra, 1971, Mishra, 1981, Singh, 1990, 
Awasthi and Dubey, 1995) and it was thoroughly studied by Mishra (1981) on 
different tissues of H. nigrorepletus by testing gamma BHC, malathion and 
phosphamidon. He found maximum histological changes have been observed 
in brain and foregut including fat body and muscle. 
Neem interferes with many life processes in the adult (Ascher, 1981, 
Rembold era/., 1984, Dorn etai, 1987a, b, Schmidt and Pesel 1987, Saxena 
et al., 1993). Insects treated with azadirachtin have degenerate or improperly 
developed ovaries and fat bodies (Schluter and Schultz, 1984, Dorn et al., 
1987a,b, Schluter, 1987) depending on the stage of development, oocytes 
develop abnormally and are resorbed: vitellogenesis is inhibited (Koul, 1984, 
Schmutterer, 1987, Rembold, 1989). Eggs deposited by female treated with 
azadirachtin or neem extracts often have poorly formed chorionic surfaces 
(Schluter and Schultz, 1984) may be more sensitive to fungal attack and are 
often less fertile (Koul, 1984, Schmutterer, 1987). 
Goldsmith et al. (1948) and Goldsmith and Frank (1952) showed 
definite inhibition of ovarian growth in the vinegar fly (Drosophila 
melanogaster Meigen) with folic acid antagonist. Further studies of Mitlin et al. 
(1954, 1957), Konecky and Mitilin (1955) and Mitlin and Broody (1958) 
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indicated that similar effects were observed in houseflies exposed to 
aminopterin, mitotic poisons and other tumor-inhibiting agents. La Brecque 
(1961) noted retardation of ovarian development when flies were given 
alkylating agents in food. Report of Taneja et al. (1979) also revealed that 
apholate causes an increase in preovipositional period and reduction in egg 
number/oviposition in female of D. koenigii. The maturation of oocytes in 
ovary is delayed by three days. The condition of protein-carbohydrate yolk 
and lipid yolk spheres observed on third day in control. Although insecticides 
also affect the normal function of specific cells and tissues of insect gonads, 
induced sterility as well as make the survival of insect difficult (Bhuya and 
Dash, 1976, Ahi, 1988, Jain and Bhinde, 1990, Paul etal., 1991, Khowaja and 
Qamar, 2002 and Raja et al., 2002). The present study may prove to be 
immense help towards understanding the effect of insecticides and neem 
formulations on reproductive organs. 
Therefore, knowledge of action of insecticides on various aspects of 
histopathological changes brought in ovary and testis more prerequisite for 
devising and adopting their control strategies. Furthermore the present study 
may also add to the knowledge of insecticide hazards. 
REVIEW OF LITERATURE 
Cotton is a major cash crop cultivated in diverse agro-climatic 
conditions of India. It occupies an area of 9.25 million hectares and production 
is about 9.31 million bales, which is considerably lower than cropped area. On 
one hand the demand for natural cotton fiber continues to increase throughout 
world and on the other hand insect pests and diseases are responsible for 
lowering down the production. So every effort is needed to increase the 
production of cotton as well as to minimize the number of insecticide 
applications. Considerable progress has been made in studying alternative to 
insecticides on cotton because insecticides cause a series of deleterious 
effects on the environment and non- target organisms. Sufficient information 
must be available before deciding a management programme. Therefore, an 
attempt has been made in the present study to evaluate the effects of 
insecticides and neem formulations on the biology of D. koenigii. Biochemical 
and histopathological studies are also carried out to ascertain the nature of 
damage and the alterations cause by the insecticides and neem formulations 
on the reproductive organs of D. koenigii. 
Azadirachtin (tetranortriterpenoid), a predominant active insecticidal 
component found in neem seeds and leaves (Butterworth and Morgan, 
1968,1971) and is best-known derivatives (Broughton et al., 1985). It is a 
strong antifeedant and growth disrupter to several insect species and thus a 
potential candidates for use in plant protection (Ruscoe, 1972, Steets and 
Schmutterer, 1975, Ladd et al., 1978, Warthen, 1979, Schmutterer and 
Rembold, 1980) and neem formulations are environmentally safe and low 
toxic to non-target natural enemies (Saxena, 1989). 
The application of neem-based pesticides against insect doesn't 
normally lead to obvious mortality but may result in a substantial reduction in 
the fecundity of the insects, so that the following generations may be reduced 
below the economic threshold level. Beetles with reduced fecundity consume 
much less food than untreated ones (Schmutterer, 1987). The insect growth 
regulatory effects of neem derivatives as methanolic neem leaf extract and 
azadirachtin in nymphs of heteroptera (Leuschner, 1972) and larvae of 
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lepidoptera (Ruscoe, 1972) was first reported in 1972. Application of 1ul of 
methanolic neem leaf extract per fifth instar nymph of Antestiopsis orbitalis 
bachuana resulted in adults with deformed wings and pronotum (Leuschner, 
1972). 
Moulting process was delayed by a number of days in the last instar 
nymphs of Periplaneta americana when injected with 0.75 ul of azadirachtin 
per gm of body weight (Quadri and Narsaiah, 1978) moulting if occurred, was 
incomplete and resulted in the death of test insect. Female Maxican bean 
beetles, Epilachna varivestis Mulsant fed bean leaves treated with a 0.25 
percent methanolic neem seed extract for 3 days produced less than 4 eggs 
per female per day compared with about 16 eggs per female per day for 
control and the laid eggs showed various defects of their chorions and were 
often infected by fungi. Degeneration of trophic cells of the ovarioles was also 
observed (Ascher, 1981). 
Dysdercus fasciatus females, derived from fifth instar nymphs topically 
treated with MNSKE, produced only 59 percent of the number of eggs 
produced by untreated bugs (Ochse, 1981). The emergence rate from eggs of 
treated individuals was 33.1 percent compared with 45.9 percent of the 
solvent control while spraying of 0.2ml azadirachtin on the fifth instar nymphs 
of D. fasciatus died before ecdysis (Ochse, 1981). A similar result was 
obtained after topical application of methanolic neem seed kernel extract 
(0.02 and 0.2 percent) on older instars as most of them died either before 
ecdysis or during moulting. Some individuals that moulted successfully died 
during the following moult. 
Adults of Spodoptera littoralis derived from the larvae treated with 
0.001 percent MNSKE, laid only about 12 percent the number of eggs as was 
laid by control adults. At 0.01 and 0.05 percent concentrations, practically no 
eggs were laid (Ascher et a/., 1984). 
While foliar application of neem oil and enriched formulated neem seed 
extract resulted in disturbance of the moulting process, extension of nymph 
period and a dose dependent mortality in Nilaparvata lugens, Sagotella 
frucifera, and Nephotettix virescens (Heyde et al., 1984). 6 percent neem oil 
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reduced the fecundity drastically and 3 percent to less than 50 percent of the 
normal number of the viable eggs per female. The adults were negatively 
influenced by neem derivatives. Their survival was greatly reduced when 
caged in pairs on rice plants treated with neem oil at a concentration higher 
than 6 percent. 
Injection of azadirachtin in female of Locusta migratoria migratoroides 
9-10 days after moult led to the inhibition of follicle growth, which was 
explained by as possible consequences of the interference of the active 
principle with vitellogenin synthesis and or with incorporation into oocytes 
either directly or indirectly through endocrine control. In untreated females 
juvenile hormones III titer in the haemolymph increased about 8 days after the 
last moult and induced biosynthesis of vitellogenin in the fat body and 
consequently oogenesis. However, the injection of azadirachtin prevented 
juvenile hormone production and therefore also prevented vitellogenin 
synthesis and egg production (Rembold et al., 1984). The average life 
expectancy of males of Liriomyza trifolii was 5.8 days after treatment of third 
instar with ethanolic NSKE compared to controls, which had a mean of 10.7 
days (Stein, 1984). 
Azadirachtin treated migratory locust had smaller ovaries, weighed only 
half that of control and the number of mature oocytes were less also 
(Rembold and Sieber, 1981). Similarly reduced fecundity was also observed 
in tobacco caterpillar, following azadirachtin application. In control, five 
females, which laid 7923 eggs against only 705 eggs by azadirachtin 
treatment, are resulting in 90 percent reduction. There was delay in 
oviposition and reduction in oviposition period. The egg hatchability was only 
25 percent in treated moth against 75 percent control. Neem oil at 100ug 
produced pupal-adult intermediates in tobacco caterpillar; however, neem oil 
at 200ug per pupae caused 100 percent mortality. NSKE 10ug per pupae also 
caused 100 percent mortality while azadirachtin 10ug per pupae killed only 
33.33 percent pupae and produced 41.67 percent malformed and 25 percent 
normal adults. (Gujar and Mehrotra, 1983). Exposure of rice moth, Corcyra 
cephalonica to neem vapour emanating from paper dishes, resulted in lower 
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fecundity. The number of eggs laid per female was 245.4 and 481.2 in treated 
and control respectively (Pathak and Krishna, 1985). Schluter et al. (1985) 
administered azadirachtin injection to freshly emerged last instar larvae of 
Manduca sexta and elicited different reactions according to the doses. At low 
doses, pupation occurred in most of the cases, but resulting pupae were 
defective for the most of the part. Individuals complete development moulting 
to supernumerary larvae or death of larvae (Kauser and Koolman, 1984). 
0.0035 percent azadirachtin caused 50 percent mortality and inhibition 
of moulting in Rhodnius prolixus (Garcia et al., 1986), while higher 
concentrations like 1 percent azadirachtin resulted moulting inhibition in 
Heliothes virescens (Barnby and Klocke, 1987). 
Topical application of 2 pi of Margoson-0 on the abdomen of last instar 
nymphs of Blatella orientalis reduced the growth and increases the mortality 
(Adler and Uebel, 1987). Treatment of nymphs of O. fasciatus with 
azadirachtin in concentration ranging from 62.5 rjg to 250 rjg per last instar 
nymph prevented apolysis as well. In experiment with high concentrations the 
test insects died after some time without ecdysis and were called permanent 
nymphs (Barney and Pass, 1987). 
Dorn et al. (1987) reported in O.fasciatus that 7.8 to 12.5 ug of the 
topically applied azadirachtin per female reduced the number of deposited 
eggs by 20 percent of that of the control. Higher concentrations were more 
effective: 8 and 16 ug per female caused complete sterility. Treatment of adult 
females with azadirachtin (0.25 ug and higher) caused higher mortality and 
the longevity was reduced to 11 days or less; in males only relatively high 
doses of 1 ug and higher showed a negative influence on the life span. Low 
doses of azadirachtin (0.125 ug/male) caused impotence of the males of 
O.fasciatus, as they were unable to copulate. Mansour et al. (1987) was able 
to generate complete concentration mortality lines for adult, Tetranychus 
cinnibarinus using neem extract from 4 different solvents. However, 
concentrations that caused upto 80 percent mortality probably had 
azadirachtin concentrations above the recommended application rate or 
contained neem seed oils that themselves could have been toxic to mites. 
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The lowest mortality 12 percent occurred with 0.1 percent neem solution from 
methanolic extract. Pandey et al. (1987) studied the effect of neem on aphid 
and shown that fecundity was lowered significantly at 1.0 and 1.5 percent 
concentrations. The crude extract of 1.5 percent of neem provided 86.7 
percent killing of Lipaphis erysimi after 72 hrs of treatment. Agarwal and Mall 
(1988) found the insecticidal and antifeedant activity of neem (Fraction C and 
thionemone) and of seeds Calophyllum innophyllum against third instar larvae 
of Diacrisia obliqua at concentration of 1, 2.5 and 5 percent by contact as well 
as oral application and obtained a positive correlation between concentrations 
and mortality with contact method (33,33-100 percent) than with feeding 
method (2.66-80 percent). The fertility was less in neem treated moth 81.14 
percent than untreated ones 89.73 percent. Root dipping in 5 percent NSKE 
resulted in low fecundity 7.6 eggs in rice green leafhopper, Nephotettix 
virescens than in control 50 eggs (Kareem et al., 1988). Singh et al. (1988) 
studied the effect of aqueous, an ethanolic and a hexane extract obtained 
from neem (Azadirachta indica A.Juss) seed kernel for insecticidal activity 
against the mustard aphid, L. erysimi Kalt. The hexane extract exhibited a 
much higher activity than the other extracts. When the hexane extract was 
partitioned with ethanol, the ethanol soluble fraction has an Lcso of 0.328 
percent concentration, whereas the ethanol insoluble part showed no activity 
even at 1 percent ethanol soluble which yielded. Nimbin and epinimbin 
exhibited no toxicity at 0.3 percent whereas salanin, a salanin derivative and 
non-erpenoid gave Lc50 value of 0.055, 0.096 and 0.104 percent respectively. 
Gujar and Mehrotra (1990) observed the toxicity and morphogenetic effects of 
neem oil on last instar nymph of D. koenigii, and showed low toxicity to the 
nymphs on topical treatment. Neem oil at sub-lethal concentrations (0.1-1.0 
percent) affected nymph growth, suggesting insect growth regulatory effects. 
High morphogenetic activity was also reported in last instar during their 
nymphal adult transformation. 
Bhathal and Singh (1993) examined the bioefficacy of two 
commercially available neem products (Neemguard and Neemark) and two 
neem extracts (AZT-VR-K and neem oil) against Lerysimi by topical 
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application. Commercial products and neem oil proved highly toxic to third 
and fourth instar nymphs. On other hand AZT-VR-K was more toxic to fourth 
instar while, in third instar mortality was considerably delayed and abnormality 
was observed in emerged adults. The extent of adultoid formation was 26.7 to 
50 percent when treated with doses of 0.5-5 ug/nymphs. The reproductive 
period, fecundity and longevity of adultoids were also greatly reduced as 
compared to control. Likewise on treatment of apterous adults with AZT-VR-K 
besides their mortality, the reproductive period, rate of reproduction and 
longevity were reduced considerably with topical application of plant products. 
However, NSKE caused 90 percent reduction in oviposition in gram pod borer 
on chickpea under laboratory conditions (Jayaraj, 1993). The reproductive 
performance of H. armigera after treatment of NSKE (1 percent) and neem oil 
(0.05 percent) showed variations in their biological parameters. The pre-
reproductive, post-reproductive and hatchability were lesser in treatment 
groups than control. Whereas, reproduction per day and average fecundity as 
well as adult longevity were also higher in control than experimental groups. 
0.05 percent neem oil proved to be more effective than 1 percent NSKE 
(Murugan etal., 1993). 
Raman et al. (1993) observed the physiological effects of enriched 
neem formulation (achook) containing azadirachtin, azadiradione, nimbocinol 
and epinimbicinol (2800ppm) under laboratory conditions on H. armigera, 
Earias vitella and recorded strong antifeedant effect. It also affects the larval 
and pupal survival and adult emergence in a dose dependent manner. It 
reduces larval growth and total developmental period, prolong the time for 
pupation and lowered pupal weight, resulting in deformed individuals. 
Saradamma et al. (1993) showed the juvenomimitic activity of benzene 
extract of 20-plants including neem against D.cingulatus. 2 pi of each plant 
extracts was applied topically on the abdominal tergites of newly moulted fifth 
instar nymph. The duration of last nymph instar of treated bug significantly 
varied in different treatments. The phytochemicals also caused some mortality 
of early fifth instar and next moult also because of failure in the process of 
moulting. Higher mortality was observed in C. variegatum, C. infertunatum, A. 
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conyzoides and C. gigantes. A. indica and E. ordoratum completely inhibited 
the normal adult emergence. Though all treatments were significantly superior 
to control in reducing the emergence of adults. Egg laying was suppressed 
with the application of extracts of C. infertunatum, V. negundo, S. indicum and 
A. conyzoides. Non-viable eggs were also produced by the application of 
these extracts. Hatchability was significantly lower in M. viridis. The eggs laid 
by malformed adults were failed to hatch. Emergence of malformed adults as 
maximum observed in the treatment with A. indica (94.73 percent). The 
longevity of malformed adults varied significantly from 0.87 to 7.44 day as 
compared to 14.2 days in control. 
Dimetry and El-Hawary (1995) investigated the effect of various 
concentrations of Neem Azal F of neem seed kernel extract with 5 percent 
azadirachtin content on adult and first instar nymphs of cowpea aphid, Aphis 
craccivora. It had detterent and antifeeding effect that hindered larviposition 
and decreased the reproductive period as well as longevity of the adults. The 
extract also showed aphicidal effect, inhibited development of nymphs and 
elongated the duration of nymphal stage. Nymphal treatment also resulted in 
a high percentage of wing forms between the resulting progeny and as the 
concentration increased the percent of wing forms increased. 
Spollen and Isman (1996) established the effects of a neem 
insecticide, containing 1.9 percent azadirachtin (AZA) as the active ingredient 
on fecundity, larval and adult survival and on ovipositional preference for 
treated or untreated foliage against the aphid predator, A. aphidimyza 
(Rodani). Larval mortality ranges from 30-100 percent for first instar treated 
with 30-60ppm of Aza, and adult emergence of treated larvae significantly 
lower for first and third instar as compared with untreated controls. First and 
third instar that acquired aza (30-60 ppm) from contact with treated foliage or 
ingestion of treated aphid had greater mortality than larvae that were sprayed 
directly with neem solutions. Adults of A.aphidimyza when exposed to 60ppm 
AZA residues for 48 hours in residual contact tests had significantly greater 
mortality (13 percent) as compared with control. 
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Effect of RD-9-Replin, a neem product showed higher concentrations 
prolonged the nymphal period of D. koenigii as such the number of 
generations were reduced to almost half of the normal populations. It also 
affected the growth and development in the subsequent generation. 
Consequently, the hatching was nil in the third generation in the insects 
treated with RD-9-Replin (Gupta et al., 1997). Srivastava ef a/. (1997) 
observed the alcoholic and hexane of 17-neem ecotypes and found to be 
toxic to eggs, larval and pupal stages of the cosmopolitan external gregarious 
larval parasitoid, Bracon brevicomis. In general the hexane extract showed 
higher toxicity against the egg and pupal stages whereas the alcoholic 
extracts were more toxic against the larvae. Azadirachtin content of the neem 
ecotypes revealed no apparent correlation with the observed toxicity against 
different stages of parasitoid. 
Di-ilio et al. (1999) tested a commercial formulation of neem on adult, 
Ceratitis capitata (Wiedemann) to determine its effects on fecundity and 
longevity and showed that it significantly reduced fecundity by interfering with 
oogenesis, which resulted in a complete and irreversible sterility of females. A 
slight reduction of longevity was also observed. The number of eggs laid 
decreased with increase in concentrations of azadirachtin in the diet. 
Histological observations indicated that the oviposition decrease was the 
result of a block in ovarian activity. It also confirmed that azadirachtin-induced 
sterility in the females, even when the flies were exposed for shorter periods 
(24 hours). 
Martinez and Emden (1999) have reported sub-lethal concentrations of 
azadirachtin incorporated into artificial diet when offered to third instar larvae 
of Spodoptera littoralis, which prolonged the larval instar and reduced food 
intake. These effects were observed after the treated larvae had been 
transferred to plain diet, the reduced food intake was therefore a secondary 
antifeedant effect. This effect declined with time once the treatment with 
azadirachtin was stopped. Growth was severely affected than food intake and 
the reduction in growth also occurred during periods when food intake was not 
affected, possibly due to post-ingestive effects. 
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Synthetic insecticides showed higher toxicity to the eggs of H. armigera 
than neem based formulations. However, endosulfan 0.07 percent and 
achook 0.6 percent were at par in their ovicidal effects. More or less same 
effect was found in case of E. vitella except than gronim. 0.6 percent also 
showed equal ovicidal effects as endosulfan 0.07 and achook 0.6 percent. 
While in case of S.litura achook 0.6 percent concentration remained at par to 
acephate 0.075 percent, NSKE 5 percent showed lowest ovicidal effect on S. 
litura and H. armigera, except in case of E. vitella in which it was equally 
effective as achook (Panickar et al., 2003). 
Eddy (1951) conducted the tests on the larvae of Cochliomyia 
hominivorax by immersing them in the insecticide solution in acetone and 
found that 1 percent of parathion, dieldrin and lindane, 0.25 percent of aldrin 
and heptachlor and 1 percent of toxaphene or chlordane gave 100 percent 
mortality. Parathion, lindane, aldrin and heptachlor also retarded the growth of 
larvae at lower concentrations. DDT was least effective insecticide so far 
tested. Ouye and Knutson (1957) determined the effects of three successive 
treatments with malathion added to larval media of housefly at 2ppm. The 
adult mortality was of 40-60 percent. Egg production in treated group was 
significantly lower than untreated group at the end of third week. These eggs 
showed 2 percent less hatchability. Survival rate between larval and pupal 
stage was 1 percent less than the control group between pupal and adult. 
Adkisson and Wellso (1962) studied the effect of low doses of DDT on the 
longevity and fecundity of adult pinkworm, Pectinophora gossypiella. The 
insect lived fewer days after treatment and produced fewer eggs than 
untreated control. Reduction in oviposition by the treated individuals was 
attributed to a lower incidence of mating, shortened the life span and other 
physiological effects. 
Georghiou (1965) showed the toxicity of Isolan (1-isopropyl-3-methyl-5-
pyrazolyl dimethylcarbamate) by topical application in housefly, Musca 
domestica resulting substantial reduction of egg laying. Significant reduction 
in fecundity was obtained whether the insecticide as applied before or after 
mating. Thus a dose of 0.3 ug/fly reduced total egg production by 35.8 
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percent, while dose of 0.6 and 1.0 ug respectively reduced egg production by 
43.1 and 77.2 percent respectively. Dimetilan, carbaryl, Bayer-39007 and 
Hercules-5227 also caused significant reduction in egg production. 
Bariola and Lindquist (1970) reported mortality of Anthonomous grandis 
increased with time and increase in doses of insecticides. Adicarb caused 21 
percent mortality after 3-day and 54 percent after 15-days. Dicrotophos, 
monocrotophos and disulphan caused less than 10 percent mortality after 
3-day and 78 percent or more mortality at 15-days. The rate of oviposition 
decreased during a 19-days period when the weevils were continuously 
exposed to sub-lethal doses of insecticides, greater reduction occurred at 
higher doses. In all tests adicarb affected mortality and fecundity more than 
other insecticides. 
Yates and Sherman (1970) studied the relative suceptibility and latent 
toxicity of dieldrin, dimethoate, trichlorfon, dichlorvos and nales to third instar 
larvae and 3 to 4 day old adult female of M. domestica, Fannia pusio, 
Boettcherisca peregrina, Chrysomyia megacephala, C. rufifacies and 
Phaenicia cuprina. The larvae of these species were found to be more 
resistant to insecticides than adults. However, the larvae of M. domestica 
were more susceptible than the adults to trichlorfon. The latent toxicity was 
displayed by dieldrin. The larvae of M. domestica and B. peregrina were 
unaffected by dieldrin at a dose of 88 and 100 and 55 and 500 ug /gm body 
weight respectively. 
Report of Katiyar and Lemonde (1972) showed insecticides prolonged 
the larval period of Tribolium confusum as 41.28 days against 18 days in the 
control, in case of 0.0022 percent concentration of gardona and 
monocrotophos respectively. Egg production decreased by 76.6 percent in 
case of 0.01 percent treatment of landrin, whereas 74.5 and 73.4 percent in 
case of 0.021 percent of SD-7438 and 0.004 percent akton respectively. The 
carbamate insecticides: landrin and adicarb have been found effective against 
fertility and also inhibits growth. 
Iftekhar (1981) reported that the late third instar larvae of Chrysomyia 
defixa were more susceptible than the adult to endrin, malathion, HCH and 
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sevin. The tolerance of larvae towards the toxicants increased with an 
increase in age. 
Abd-Elghafar and Appel (1992) studies the effects of 1ul of sub-lethal 
(l_D2o, LD3O, LD4O and LDSO) doses of chlorpyrifos, cyfluthrin and hydramethylon 
on adult longevity and fecundity of German cockroaches, Blattella germanica. 
Longevity of males declined linearly with increasing doses of insecticides. 
Cyfluthrin decreases male longevity by 52 percent whereas hydramethylon 
reduced male longevity by 81 percent. Longevity of females decreased by all 
doses of both insecticides. Fecundity increases linearly with increasing doses 
of chlorpyriphos. Number of ootheca formed, ootheca hatched and number of 
offspring produced in each ootheca increased with increasing sub-lethal 
concentrations of cyfluthrin and hydramethylon. Formation of ootheca 
occurred 8-days after mating for untreated females but generally longer with 
concentrations of all insecticides. 
Lagadie and Bernard (1993) studied the activity of newly developed 
nitroguanidine imidacloprid against fourth instar larvae of insecticide 
susceptible strains of the tobacco budworm, Heliothis virescens F. and 
Egyptian cotton leafworm Spodoptera littoralis by topical application and oral 
ingestion tests. Imadacloprid showed lower contact and oral toxicities to both 
species than cyfluthrin but the difference was much less important than 
ingestion test. Mortality caused by both insecticides occurred more slowly in 
dietary exposure than in topical application, but imidacloprid acted much more 
rapidly than cyfluthrin in ingestion test. Though cyfluthrin was more active 
compound against both H. virescens and S. littoralis. 
Jangra and Jaglan (1997) examined the effect of synthetic pyrethroids 
(viz, cypermethrin, fenvalerate and decamethrin alone and in combination with 
neemguard (a commercial neem formulation), against adults of D. 
melanogaster. Cypermethrin, fenvelarate and decamethrin in combination 
with neemguard were found 2.0,1.07 and 2.88 times more effective than 
cypermethrin, fenvalerate and decamethrin respectively and 8.09,12.40 and 
10.94 times as toxic as neemguard used alone. All synthetic pyrethroids with 
neemguard were superior in toxicity to the corresponding pyrethroids and 
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neemguard used alone. On the basis of U50 value the order of toxicity of 
different insecticides was as bulldock> bifenthrin> decamethrin> 
cypermethrin> lambdacyhalothrin> chlorpyriphos> fenvalerate> malathion> 
lindane and endosulfan against third instar larvae of S. litura Fabr. The 
second instar larvae were 25.7, 1.6, 1.3, 2.2, 6.3, 2.7, 2.3, 0.7 and 0.9 times 
more susceptible to lambdacyhalothrin, bulldock, decamethrin, chlorpyriphos, 
fenvalerate, malathion, endosulphan, bifenthrin and lindane than third instar 
larvae (Singh and Singh, 1998). 
Sub-lethal dietry concentrations (Lc2o, Lc50 and Lc8o) of cypermethrin, 
phosphamidon, quinolphos and endosulfan adversely affected the percent 
larval survival, percent pupation, percent moth emergence, fecundity and 
viability of eggs and greatly prolonged the larval and developmental period in 
Chilo partellus (Swinhoe). Cypermethrin exerted more pronounced adverse 
affect on these biological parameters as compared to other insecticides 
(Singh and Nath, 2002). 
Arora et al. (2003) studied the toxicity of monocrotophos, dichlorvos, 
malathion, cypermethrin, spinosad, endosulfan, carbaryl, cartap hydrochloride 
and B. t. var. kurstaki against third instar larvae of Plutella xylostella. 
Spinosod the least use insecticide was most toxic than monocrotophos, the 
most commonly used insecticide. 
Singh et al. (2003) studied the effect of five insecticides (profenofos 
0.05 percent, carbosulphan 0.05 percent, polytrin-
c(profenofos+cypermethrin)0.05 percent, imadacloprid 0.007 percent and 
koranda(fenvalerate+acephate)0.05 perecnt; four conventional insecticides 
(endosulphan0.07 percent, quinolphos0.05 percent, monocrotophos0.04 
percent and dichlorvos0.075 percent) as well as four neem 
formulations(nimbicidine,neemarin,achook and neem oil at 0.05 percent 
against third instar larvae of Pieris brassicae. All these treatments were 
significantly superior over control in controlling larval population. Neem based 
formulations was less effective in comparison to other insecticides. 
Imadicloprid caused maximum larval mortality, i.e 86.66 percent after 24 hour 
of treatment, which was significantly superior to other treatments except 
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profenofos, quinolphos, monocrotophos and koranda fenvalerate+acephate. 
The neem based formulations did not cause any mortality 24 hours after 
treatment. After 48 hours imidacloprid, quinolphos and koranda gave 
maximum larval mortality, i.e, 93.33 percent and were statistically on par with 
other insecticidal treatments. Among neem based formulations, neemarin was 
most effective, registering 20 percent larval mortality after 48 hour and was 
significantly superior to other neem products. 
Harrington (1961) studied Rhodinus prolixus the tota\ concentration of 
free amino acids, which were maintained at a constant level during larval 
development. Orr (1964a,b) describes the fat bodies and ovaries during egg 
development in chemical terms. Mills et al. (1966) reported in American 
cockroach that the total RNA extract from the midgut rises rapidly during the 
first day of the cycle and continue to increase at a slower rate until a peak is 
reached on the fifth day. Day six is characterized by a very rapid decrease in 
total RNA. The total RNA content in fat bodies however found to be more 
cyclic in nature. A rapid increase occurs reaching its peak on day two followed 
by a decline until the fourth day. At this time another rapid increase begins, 
reaching a second peak on day five when the oocyte is taking up the greatest 
amount of protein. Thomas and Nation (1966) reported decrease in body 
levels of protein and decreased synthesis of tissue protein, which may be 
consequence of a decrease in RNA synthesis. The possible correlation of 
these changes in protein and RNA metabolism with the gonadal cycle in 
female P. americana is consistent with the view hold by some workers that the 
corpus allatum hormone controls ovarian and egg development by regulating 
protein metabolism. 
Agarwal and Rao (1969) observed that significant amount of lipids 
mostly triglycerides were utilized during postembryonic development of D. 
koenigii. Nielson and Mills (1968) showed that fifteen negatively charged 
protein bands were found by acrylamide gel electrophoresis to be present in 
the blood of Periplaneta americana during vitellogenic cycle. Sixth of the 
blood protein appears to be present in the soluble fraction of the terminal 
oocyte. Most of the blood protein was found to be cyclic in nature reaching 
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their greatest concentration corresponding to that found for whole blood. Day 
fifth or sixth was characterized by a decrease in the concentration of oocyte 
protein. Mechanisms accounting for the cyclic changes of protein 
concentration in blood and oocyte are hypothesized. 
Mitlin and Wiygul (1971) showed the effect of busulfan (1,4-butanediol 
dimethane-sulfone) a drug used in the treatment of myetocytic leukemia was 
found to be effective chemosterliant for bollweevil, Anthonomus grandis 
Boheman, when feed to A. grandis inhibited the biosynthesis of DNA and of 
protein but not the biosynthesis of RNA. Thereby inhibition of gonadal growth 
as well as spermatogenesis resulting sterility in the weevils. 
Ring (1973) noticed that protein levels remain relatively high and 
constant during adult life of Lucilia sericata. RNA and dry weight levels are 
highest in first instar larvae but decline rapidly during larval development until 
just before puparium formation. Sharp increase is found prior to pupation and 
then again prior to adult emergence. In the adult stage, the level declines 
steadily throughout the life span. DNA and dry weight levels are very low in 
the eggs but reach their highest levels in early first instar larvae. They then 
decline during larval development, with small increase being found prior to 
puparium formation and adult emergence. In adult levels remain relatively 
constant throughout the life span. In D. cingulatus determination of cholesterol 
level was made in the haemolymph, fat body and gonads, in both sexes. 
Haemolymph cholesterol has a peak level during the seven day period of first 
reproductive cycle. In females, there is sharp fall in the level of haemolymph 
cholesterol before egg laying. Cholesterol level of fat body only rises a couple 
of days before metamorphosis in the fifth instar nymphs of the insects. In the 
females, the concentration of fat body cholesterol does not rise to the level of 
fat body of the males during the period of first reproductive cycle. The 
cholesterol level of the ovaries is higher than that of the testis during the 
period of egg maturation and mating. Following oviposition, cholesterol 
concentration of the ovaries sharply falls. In the newly emerged adults the 
testis contain higher level of cholesterol than that of ovary. (Zaidi and Khan, 
1974). Buhlmann (1976) observed an increase in ovarian dry weight during 
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the period of egg maturation in Nauphoeta cinerea. This is mainly due to the 
incorporation of vitellogenin into oocytes. Handel's (1976) work on Aedes 
atropalpus shows that gradual accumulation of protein in the maturing eggs 
could be entirely accounted for by the gradual disappearance of protein from 
abdomen. Sifat and Khan (1983) in D. cingulatus elucidates the earlier 
observations of Sifat and Khan (1974) that in this species total protein 
concentration of the ovaries varies in relation to maturation and oviposition of 
the eggs. The studies of Benozzati and Basil (1978) on protein composition 
and synthesis in the ovary of Rhychosciara americana reveal that yolk 
deposition seems to involve two kinds of mechanism, the incorporation of 
haemolymph as suggested by the corresponding electrophoretic pattern 
detected for fertilized eggs, ovary and haemolymph and the synthesis by the 
ovary itself, mainly during the adult stage. 
Ahmad (1979) investigated quantitative effects of HMAC (1,6-
Hexamethylene Bis=(1-Aziridine carboxamide) a chemosteriliant on sterility of 
D. cingulatus Fabr. The females were less effective in comparison to the 
males but sterility was observed in the eggs and the treated adult died without 
oviposition. Sharma and Sharma (1979) studied the quantitative changes in 
protein of bruchids, Zabrates subfasciatus and Callosobruchus maculatus. 
The protein content of females is higher than the males at all ages in the 
bruchids. The female showed increase in protein content for the first two days 
followed by a gradual decline with increase of age while males show a 
decreasing tendency from the day of emergence. 
Maheshwari and Sehgal (1981) noticed the wet and dry weights, 
nucleic acids and protein contents of the different life stages of D. koenigii. 
1ug/insect of tepa was administered to the 3rd instar nymphs. The tepa 
sterilization found to alter the contents of these macromolecules and the 
amount of these substances got lowered. The females of D. cingulatus 
possessed higher percentage of lipid in comparison to male were reported by 
Kapurefa/. (1982). 
Topical application of various concentrations of trichJorphon (dipterex) 
as an acetone solution affects the protein and cholesterol level of the 
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haemolymph, fat body and gonads of adults of D. cingulatus. The effects on 
various tissue caused by dipterex were found to be dose dependent on the 
concentrations of the insecticide used and sex of the insect (Zaidi and Khan, 
1981). Later Zaidi et al. (1982) showed that the level of cholesterol ester (chE) 
in the fat body of fifth instar nymphs of D. cingulatus during the second half of 
the instar, but fell again a day before adult ecdysis. The chE level in adults 
was highest in the testis of newly emerged males and in the ovaries of newly 
emerged females, after which it fell reaching a second peak around six days 
after emergence. Whereas in 1985, the same authors were able to show 
phospholipid concentrations in the fat body and gonads of same insect and 
both adults showed almost parallel changes in phospholipid levels in the fat 
body and gonads for upto ten days (including two reproductive cycles). The 
initial phospholipid increases after emergence, which was related to the 
maturation of the adults. However, Srivastava and Kumar (1984) observed a 
significant reduction in RNA, DNA, protein and alkaline phosphate activity in 
the testis of Earias fabae treated with bisazir. 
When precocene I was topically applied to newly emerged females of 
D. koenigii in dose dependent manner ranging from 50 to 250^g per female, 
there was a negligible effect on mortality rate at these doses. The body weight 
dropped by almost 50 percent at the highest dose. In normal and acetone 
treated control insects the ovarian weight was 14mg per female, while it was 
3.5 mg in 200jjg precocene treated female. The protein content per ovary was 
dose dependent and lowest in 200(ag treated, almost 13-15X less than in the 
normal and control female (Ramalakhshami etal., 1985). 
Peferon and de-Loof (1986) found that the contribution of ovarian 
tissues to yolk protein production is very small, the major site of synthesis of 
the these yolk protein being fat bodies. Some higher forms an exception, in 
the sense that the ovarian follicles are an additional source of vittellogenin 
production. Stebblings et al. (1986) reported that microtubules system in 
ovaries of hemipteran insect possessed cytoplasmic dynein and kinesin as 
well as spectrum of microtubule associated proteins, which differ in molecular 
mass from those mammalian brains. The work of Oliviera et al. (1986) on R. 
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prolixus determined that the ability of oocytes to take up yolk protein at 
different stages of development increase with their size upto the time of 
chorion formation. 
Phospholipids, monoacylglycerols, 1,2- diacylglycerols, free fatty acids, 
triacylgycerols, cholesterol and cholesterolesters were found in the fat body, 
body wall and gonads of D. koenigii in its all stages. Triacylglycerols the 
reserve lipid component were dominant in all tissues. The most pronounced 
changes during development occurred in free fatty acids, cholesterol and 
cholesterolesters (Simek and Matuska, 1987). Singh and Pandey (1987a,b 
and c) estimated quantitatively the activity of alkaline phosphotase in different 
development stages of life of D. koenigii and reported higher biochemical 
enzyme activity in female towards maturity and lowest in freshly laid eggs but 
increased in subsequent developmental stages. They also observed the 
biochemical characterization of kinetics of alkaline phosphatase and found 
that the enzyme was stable preparation free from complicated secondary 
substances affecting the kinetics. They also reported the activity of 
phosphotase in the alimentary canal, fat bodies and reproductive organs and 
recorded highest enzyme activity in ripe ovaries having mature eggs and 
concluded that alkaline phosphotase is either directly or indirectly related with 
reproduction in insects and play an important role in digestion of food. Singh 
and Pandey (1987d) also noticed information on characteristics and nature of 
alkaline phosphotase of D. obliqua and found that enzyme possessed a linear 
relationship between concentration and activity in which cobalt, magnesium, 
magnese, calcium and barium activated the enzyme, while silver, mercury, 
copper arsenate and cysteine inhibited the enzyme. 
The sterilizing agent (R-S)-9-(2,3-dihydroxypropyl) adenine was shown 
to be effective on fecundity and hatching rate in relation to the dosages 
applied on Pyrrhocoris apterus. Ovarian development was inhibited by oral 
application of 0.5 percent aqueous so'ution of compound. When lower 
concentrations were applied eggs were laid and the action of compound was 
manifested in a low hatch rate. Changes in fecundity occurred together with 
changes in protein pattern as determined by polyacrylamide gel 
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electrophoresis. Protein concentration increases in some haemolymph 
fraction after treatment of 0.5 percent aqueous solution. Whereas in most 
area of the ovary the protein concentration decreases. A protein responding to 
the action of the compound by increasing its concentration was found in the 
ovaries as well as in the haemolymph. In contrast to ovariectomised females, 
there was no substantial increase in the amount of vitellogenins in the 
haemolymph. It appeared that the compound not only affects the ovaries but 
also inhibits vitellogenin synthesis (Sula era/., 1987). 
Exposure of adult's virgin female or fifth instar nymph of D. koenigii to 
eucalyptus oil resulted fall in the total protein content and a rise in the free 
amino acid titer of the haemolymph and fat body respectively. However, the 
level of total lipids in the haemolymph and fat body decreases and increases 
respectively. In the ovaries of adult female the amount of total protein and 
lipids were low, while total free amino acid concentration was high (Srivastava 
and Krishna, 1992). 
Murugan et al. (1993) reported that neem kernel extract and neem oil 
interfere with the food utilization and biochemical and enzyme profiles related 
to nutritive and reproductive physiology of H. armigera. The amount of food 
consumed and the efficiency of ingestion and digestion of food were markedly 
inhibited by the neem products. Moths obtained from treated larvae failed to 
produce mature oocytes, probably as a result of interference of azadirachtin 
with vitellogenin synthesis and its uptake by oocytes. Neem products in male 
and female reproductive tissue suppressed protein level as well as fat bodies 
development in the larvae along with the enzyme involved in lipogenesis. The 
choice of food plant intricately associated with diverse aspect of the feeding 
behaviour, which considerably effect on the reproduction of species (Slansky 
and Scriber, 1985, Slansky, 1992, Murugan and AncyGeorge, 1992). Where 
the decreased in fecundity and oocytes development is a consequence of 
azadirachtin which have impaired vitellogenin synthesis and its uptake by the 
developing oocytes (Ludlum and Sieber, 1988). Decrease in the activities of 
acid phosphatase and alkaline phosphatase in the testis and seminal vesicle 
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may be due to the inhibitory role of NSKE and neem oil on spermatogenesis 
and sperm survival (Schluter and Schulz, 1983). 
A single dose of azadirachtin (Vg/gm of body weight) on sixth instar 
larvae of S. litura affected food consumption and utilization, midgut enzymes, 
haemolymph constituents, secretions of the median neurosecretory cells of 
the brain, corpora allata size, and ecdysteroid titers (Toja et al., 1985). It 
reduces nucleic acid and protein concentrations of larval fat body, reduced 
pupal weight and disrupted ovarian development. Sabhanayakam et al. 
(1993) showed the effect of neem oil on trehalase activity in accessory 
reproductive glands of the male Odontopus varicornis (Dist.). The total 
trehalase activity of this gland has increased gradually during premating 
period followed by a significant decrease in postmating period suggesting that 
trehalase is being utilized as an energy source for the nourishment, motility 
and activation of sperms. Finally, it was concluded that neem oil appeared to 
interfere with synthetic activity of this enzyme. 
Ranganathan (1996) revealed a significant reduction of pyruvate after 
mating in accessory reproductive glands of O.varicornis. Remaining in copula 
indicates the oxidation of pyruvate for energy contribution to the sperms. The 
increase in pyruvate and lactate in haemolymph after mating could be due to 
seepage of the same fat bodies in the process of replacement of pyruvate for 
the accessory glands. 
Venugopal and Kumar (1997) determine the qualitative changes in 
protein pattern during the last larval instar and imaginal stages of D. koenigii 
haemolymph, fat bodies and ovary. Comparison of electrophorograms of the 
male and female revealed little difference. The number of protein increased in 
all the three tissues until third day of the fifth instar (synthetic phase). 
Thereafter it decreased until the last day (consumption phase). Soon after 
eclosion, the number of protein in the haemolymph decreased. By contrast 
ovary and fat body showed sudden increase in number of protein after 
eclosion. Four protein bands were identified in haemolymph in both sexes 
during above development. 
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Singh and Kumar (1998) showed the developmental changes in protein 
contents of salivary glands and haemolymph from both sexes of various larval 
stages of D. koenigii. It was found that protein content increases in both 
tissues until fifth instar and then decreased thereafter in imago. The protein 
content in these tissues is higher in female than male in all stages. This is 
suggestive of higher rate of metabolism in female as compared to male. The 
increase in protein content upto to fifth instar is an indicative of a synthetic 
phase while decrease thereafter in the adult stage. Steriod metabolism in the 
class of insecta represents extremely important area of biochemical difference 
from that of vertebrates and many other organisms and thus a unique target 
of exploitation. The compound 25-Azacholesterol was to inhibit sterol 
metabolism. Thus adversely affected growth and development of S. litura. A 
decrease in protein content of the fat body and haemolymph suggest two 
possibilities of either decreased protein synthesis or increased proteolytic 
activity (Suryakala, 1998). 
Changes in the organic constituents, such as the carbohydrates, 
proteins, lipids, dry matter and water content in the alimentary canal and 
entire animal of Rhynocoris kumarii Ambrose and Livingstone by five 
commonly used insecticides were studied by George and Ambrose (1999). All 
of the insecticides reduced carbohydrates and proteins and increased lipids in 
the alimentary canal as well as entire animal. The insecticides except 
endosulfan decreased the dry matter. Protein concentration varied in the 
muscle and gonad cells of Diplonychus indicus based on their size and 
reproductive activities. Under well-fed conditions, males showed a 63 and 
15.2 percent increase in the amount of protein present in muscle and testis 
respectively. Females showed a 32 and 22 percent in their muscle and 
ovaries respectively. Since metabolism of gonads required large amount of 
protein, the thoracic muscle of insects in the pre-reproductive phase 
contained only a small amount of protein. During reproductive phase, male 
copulated to ensure that the thoracic muscle contained higher amount of 
protein. After copulation females stored spermatozoa in their spermatheca 
temporarily. Since the spermatozoan itself is a protein, the gonads of female 
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contained more protein than muscle, in the postreproductive phase the 
amount of protein present in the muscle and gonads of both sexes decrease 
slowly. In general females were more active than males, which have resulted 
more protein in muscle and gonad of females. As the male required greater 
amount of protein during encumbrance, the thoracic muscle of encumbered 
males contained more protein than gonads (Milton and Venkatesan, 1999). 
Effect of plant oil of Artemesia annua, Ageratum conyzoids and A. 
indica was studied by Padamaja and Rao (1999), and found that the fat body 
protein content in all treatments was significantly lower to the control larvae. 
These oils also affected the number and prominence of major protein bands 
as reflected by the electrophoretic protein profile of the fat body. The absence 
or late appearance of some proteins in treated insects suggests the 
interference of the oils with protein synthesis. 
Vijayaraghavan and Chitra (2002) revealed that the reduction of total 
protein content when all the stages from second instar to adult of S. litura 
treated with neem, annona seed extract, cypermethrin and quinolphos. Neem 
reduced both protein and free amino acid content more than annona seed 
extract. By the same treatments, free amino acid contents were also reduced 
in all stage from second to fifth instar, pupa and adult as compared to control. 
Morgan and La-Brecque (1962) studied the effect of apholate on the 
ovarian development of hosefly, Musca domestica and suggested that food 
containing 1 percent apholate inhibited the ovarian growth but did'nt eliminate 
ovarian development. Its greatest effect was noticeable at 72 hours after 
eclosion on the nurse cells of the first and second egg chambers. The 
chromatin was clumped in irregular masses and the nuclei had bizarre 
shapes. The oocyte in the first egg chamber remains undeveloped. The 
germarium was also affected significantly. 
Sukumar and Naidu (1973) reported the effect of tepa on ovarian 
growth of D. cingulatus. Ingestion of 10(ig of tepa into female induced gradual 
degeneration of oocytes. No chorion was secreted through out females. 
Changes occured in the ovaries depend on the dose of tepa. 
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Considerable amount of the work have done on the effects of 
insecticides on the histopathology of the different organs of insects. The 
detailed histology of the telotrophic ovarioles of D. fasciatus using microscope 
was studied by Brunt (1971). In many insect species the role of ecdysteroids 
in promoting spermatogenesis has been well documented in vivo (Takuchi, 
1969, Dumser and Davey, 1975) and in vitro (Schmidt and William, 1953, 
Kambysellis and William, 1972, Furkushima and Yagi, 1975). 
Bhuya and Dash (1976) noticed the effect of systemic insecticide, 
dimethion on Poecilocerus pictus on cyst formation and size reduction to a 
lesser extent with inhibition of nucleus. Thus insecticides exert both 
nucleotoxic and cytotoxic effect on spermatocystic choromosomes as 
suggested by Davis (1968). Treatment with multineem and achook accounts 
for incapability besides adverse physiological activities of D. obliqua. 
Lossening of germ cells, pycnosis of spermatogonia and spermatocyst, 
hypertrophied spermatid, hypertrophied and dissociated spermatozoa (Ansari, 
2000). Inhibition of ovarian growth was noticed in vinegar fly (Goldsmith and 
Frank, 1952) and in housefly, M. domestica with mitotic and tumor inhibiting 
substances (Mitlin et al., 1957, Mitlin and Broody, 1958). 
Jalaja and Prabhu (1976) studied the effect of apholate and metapa on 
the overies of D. cingulatus. Single injection of 5(ag apholate and 10(ag metepa 
per adult did not interfere with oocyte growth or vitellogenesis. Treatment with 
12.5fjg metepa and 7.5^g of apholate inhibited oocyte development and 
histological studies of the ovary after treatment indicated disintegration of the 
germarium and follicular epithelium as well as size reduction and resorption of 
oocytes. The prefollicular tissues almost disappeared and multiple oocytes 
were present in the follicles after treatment with apholate. Saxena et al. (1977) 
showed the inhibitory effect of Acorus calamus oil vapours on D. koenigii 
spermatogenesis. When the adults were exposed to oil vapour the effects 
were mostly noticeable on the cells of vas deferens, inducing complete 
sterility. However, Matolin ef al. (1978) observed that topical application of 
metepa to adult Colorado potato beetle, Leptinotarsa decemlineata interferes 
with the formation of oocytes damaging their structure and caused 
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proliferation of epithelium. The histological structure of the ovaries of Mylabris 
pustulata when treated with SAN-322 and DDVP showed vacoulization within 
yolk, disported shape of oocyte nucleus and necrosis of follicular epithelium 
(Mulmule et al., 1988). Whereas, Taneja et al. (1979) studied the effect of 
apholate on the ovarian development of D. koenigii. 1- day old insects dipped 
in 0.2, 0.1, 0.05 and 0.02 percent aqueous solution of apholate, which 
suspends release of neurosecretory substance from pars intercerebralis of 
brain for three days during pre oviposition period. This causes an equivalent 
delay in the release of vitellogenic component from fat bodies, due to which 
vitellogenic component of ovary are made available three days later than In 
normal individuals. During this period the growth of ovary is retarded 
significantly and some of the growing oocytes show sign of degeneration. The 
effect is thus manifested in prolongation of preovipositional period and 
reduction in egg number. 
Saxena and Bhatnagar (1980) studied the effect of chemosterliant 
(Thiotepa 5ug/insect, Bis(dimethylamino) dithiazolium chloride 2ug/insect and 
hempa 3 ug/insect) on the panoistic ovaries of cockroach. They found 
degeneration and dissolution of ovariole cytoplasm, pycnosis and 
fragmentation of chromatin material in oogonia and of follicular cells which 
results in complete degeneration of all cellular material. The disappearance of 
yolk takes place within 25-30 days after treatment. The vitellarian region of the 
ovariole is more succeptible to chemosterliants than germarium region. 
Maheshwari et al. (1981) showed the effect of tepa on the gonads of D. 
koenigii. Histological studies of ovary showed that germarium disintegrated 
and the oocyte development was markedly affected in the vitellarium. In testis 
the formation of mature sperms was also inhibited. Single dose (10 ^g/female) 
of azadirachin when injected to Locusta migratoria inhibited ovarian 
development (Rembold, 1984). Since ovarian development and associated 
metabolic changes are under endocrine control (Gilbert ef al., 1980, Raabe, 
1982). 
Dorn et al. (1987) studied the effect of azadirachtin when injected into 
newly moulted last instar larvae of O. fasciatus induces a variety of effects, 
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which are dose dependent. It can be used as a tool for studying some process 
of the moulting cycle and their endocrine control as well as regulation of egg 
maturation, since azadirachtin induced permanent larvae exhibit adult ovarian 
development. Low doses (0.00098-0.03125ug/larva) of azadirachtin merely 
prolong the intermoult stage. Medium (0.0625-0.25ug/larva) and high (0.5-
16ug/larva) doses suppress adult ecdysis and the larvae become permanent 
larvae, the longevity of which increases with rising doses. Although medium 
doses prevent ecdysis, apolysis and secretion of adult cuticle takes place. 
Permanent larvae induced by high azadirachtin doses show neither ecdysis 
nor apolysis. Adult ovarian development begins in a number of females. 
Schmutterer (1987) examined the sterilizing effect of azadirachtin 
results primarily from inhibition of oogenesis and vitellogenesis. Histological 
examinations of the ovaries of Maxican bean beetle fed bean leaves treated 
with methanolic neem seed extract demonstrated that exposure resulted in 
cytopathological alterations to and resorption of developing oocytes (Schulz 
and Schluter, 1984). Few oocytes reached the stage of vitellogenesis and 
minimal amount of yolk were deposited. Although egg production was 
reduced drastically, hatchability of eggs from large milkweed bugs injected 
with azadirachtin in another study was close to normal (Dorn et al., 1987a), 
suggesting that trophic cells or young oocytes are more sensitive to neem 
than developing embryos. 
Ahi (1988) observed the histopathological destruction brought about by 
sub-lethal doses of aldrin injected into the gonads of adult Poecilocereus 
pictus. In males the germ cells and differentiating germ cells showed 
pycnosis. In female vitellogenesis was arrested in most of the oocytes. 
Abnormal fragmentation of oocytes was evident and follicular epithelial cells 
showed degeneration, which was accomplished through pycnosis. Thus 
chlorinated hydrocarbon and aldrin appear to make tissues hyper active and 
probably there was stress causing cellular deformation. Histological studies 
on ovary development revealed that azadirachtin drastically affected the 
follicular epithelium, greater vacoulization and sparse yolk granules in the 
ooplasm of treated S. litura. (Gupta, 1988). 
Kaur et al. (1989) examined the effect of chrysanthemum indicum on 
newly moulted 5th nymph of D. similis that inhibited growth and development 
of insects in dose dependent manner. The highest concentration cause total 
moulting and nymphal exuviae were often attached to the next instar. At 500 
ppm 50 per cent of the treated insects moulted into adultoids with deformed 
appendages and a reduced number of antennae and tarsi. Thirty percent of 
treated insect moulted into super nymph, fifteen per cent were unable to moult 
successfully and five per cent failed to moult and died after 6-7 days. At 
concentration of 250 ppm adults had malformed wings and abnormal gonads. 
The super nymph adult with malformed wings and adultoids also had various 
gonadotrophic abnormalities. Rao and Kaur (1989) noticed the effect of 
essential oil from the gum oleoresin of Boswellia serrata on the gonads of 
male D. similis when applied topically to 5th instar nymphs. Spermatogenesis 
was seriously affected. Extensive degeneration of tissues and malformation of 
spermatozoa were occurred. 
Ahmad (1990) showed the sterility effect of some organic and sulphar 
compounds on D. cingulatus. Organic sulphur compounds such as thiourea 
and sulphanilic acid and the steroidal compounds like 3, beta-chloro-6-
nitrocholist-5-ene and 3, beta- acetoxy-6-nitrocholist-5-ene were found to be 
less effective in comparison to alkylating agents such as apholate, tepa or 
metepa. Adult female cockroaches when treated with sub-lethal 
concentrations of BHC and DDT arrested ovulation and vitellogenesis with 
severe histopathological changes by DDT and BHC. In behaviour the treated 
adults exhibited prolong duration of mating and first instar nymphs failed to 
emerge from ootheca owing to the failure of fertilized eggs to develop. It was 
also investigated that when adult females and males of P. pictus injected by 
sub-lethal doses BHC into haemolymph severely damage the fat bodies and 
adversely affected the developing ovaries with marked histopathological 
changes. In treated adults mating was prolonged by reduction in ovulation 
(Jain and Bhinde, 1990 and 1991) 
Reproduction inhibitory efficacy of a thio pyrimidine compound, 4,4,6-
trimethyMH, 4H-pyrimidine-2-Thiol (TPT) was studied by treating females of 
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the red cotton bug, D. koenigii with 50mg of TPT/5ml acetone. The ovariole of 
treated insect possessed a normal size germarium but stunted vitellerium. 
The germarium showed vacuolization of trophocytes, disintegration of the 
trophic core and complete elimination of the prefollicular tissues. The 
vitellarium consisted of 4-6 oocytes surrounded by degenerated follicular 
epithelium and interfollicular tissues (Kaur et al., 1991). Paul et al. (1991) 
reported that larvae of Diacrasia obliqua when topically treated with 
endosulfan and quinolphos at both sub-lethal and lethal doses resulted in 
severe abnormalities in the testicular structure. Reduction of testis size, 
complete inhibition of spermatogenesis, relative decrease in the number of 
testicular cyst and presence of deform spermatogonia!, spermatocyte and 
spermatid cysts were retarded after lethal treatments. Sub-lethal doses also 
induced more or less similar effects at histological levels but to be a lesser 
extent than in the lethal doses. Further more malformed reduced size of 
sperm bundles was observed in the testis of imagines from pupae resulting 
out of larvae receiving sub-lethal doses of insecticides. 
Jaiswal and Srivastava (1993) reported that when an insect growth 
regulator isolated from Blumea lacciniata was applied topically at several 
concentration to the dorsum to 0-day old to 1-day old final instar female of D. 
cingulatus, there were various abnormalities observed in ovaries of treated 
insects, including arrested development of undifferentiated ovarioles, a 
reduction in number of mature oocyte, resorption of oocyte, a tumor like 
protuberance in the germarium and a degeneration of the wall between 
oocytes. While Kaur et al. (1994) noticed cytoplasmic vacuolization and 
chromosomal clumping in spermatogonia and spermatocytes. Mitotic and 
maturation divisions were also suppressed. Spermatids become deformed 
and spermatozoa were liquified. All these changes reduced the fecundity and 
fertility of females that mated with treated males, with 50mg of 4,4,6-trimethyl-
1H-4H-pyrimidine-2-thiol (TPT). Whereas Pradeep and Nair (2000) noticed 
the antigonadotropic effect of precocene II on the females of Nilaparvata 
lugens, which inhibited the ovarian growth and oocyte maturation, reduced 
fecundity and induced sterility in dose dependent manner. Several 
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histopathological alterations were observed in the ovarioles and oocytes of 
insect treated with high doses. Follicular epithelial cells invaded ooplasm. 
Uncontrolled multiplication resulted in hyperplasia epithelia. 
Lowry and Isman (1996) observed the effect of azadirachtin and neem 
seed oil on the adult of the green peach aphid, Myzus persicae (Sulzer) and 
lettuce aphid, Nasonovia ribisnigri (Mosley) for third to 1.0 per cent solution of 
neem seed oil applied to leaf disc reduced the number of live offspring by 82 
and 66 per cent respectively as compared with control. Fourth instar, N. 
ribisnigri as more sensitive than adult to the sterilizing activities of neem, 
because they produce 87 per cent fewer offspring than control following 
exposure to 1 percent neem seed oil. Exposure to azadirachtin (40 and 
80ppm) considered to be the most active component of neem, reduce the 
fertility and the fecundity of adults M. persicae, N. ribisnigri and strawberry 
aphid, Chaetosiphon fragaefolii (Cockerell) in a linear concentration 
dependent manner. Dissection of treated N. ribisnigri indicates that exposure 
to neem seed (1 percent) or azadirachtin (40ppm) results in higher mortality 
rates for embryos just before parturition, but increased mortality during this 
stage does not account for the recorded decrease in fecundity. Di-illio et al. 
(1999) examined the effect of commercial neem formulation on the adults of 
C. capitata. A series of microscopic examination of ovaries indicated 
irreversible damage to the ovaries after exposure to neem. Ovaries extracted 
from six days old treated females appeared abnormal in comparison with the 
control, seeming to be in an earlier stage of development. 
Venugopal and Kumar (2000) studied the role of juvenile hormone (JH) 
and 20-hydroxyecdysone in the synthesis and uptake of vitellogenesis which 
were earlier identified, purified and characterized in D. koenigii .The 
concentration of vitellogenesis in ovary significantly lower after chemical 
allatectomy at eclosion. In addition at 70 hours after emergence, chemical 
allatectomy reduced ovarian vitellinin, but vitellogenin level remained normal 
in fat bodies. 
Raja et al. (2002) studied the impact of insecticides (baytex, K-othrine 
and dimilin) on testis, ovary and muscle of D. rusticus, a potential predator in 
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controlling mosquito. The water bugs were exposed to Lc5o of selected 
pesticides for 96 hours and the tissues were histopathologically examined. 
Bugs kept in baytex treated water showed abnormal features, degenerative 
changes and severe inclination of follicles. Tissues degeneration, disruption of 
follicular epithelial sheath, necrosis of follicular epithelium, degeneration of 
germ cells in ovary while, in muscle fibre, actin and myosin filaments and 
sarcosome were observed in baytex treated bugs. Generally, all pesticides 
effect on testis, ovary and muscle of the insect. Singh (2002) reported the 
effect of thiotepa on female reproductive system of Earias fabae. The treated 
female showed reduced ovariole. The immature oocytes showed granulation, 
vacoulization of cytoplasm and damages in follicular epithelium. 
MATERIAL AND METHODS 
1. Breeding technique and Maintenance of Stock culture: 
The adults of D. koenigii were collected from agriculture field close to 
the campus of Aligarh Muslim University, Aligarh during the month of April-
May. Several pairs of adults were released in a circular glass jar measuring 
6x8" and 4x6". The bottom of each jar was filled with one and half inch of 
sterilized sand. The top of jar was covered with muslin cloth and fixed by 
rubber band. The adults were fed on water soacked cottonseeds. The 
cottonseeds were replaced daily at an interval of 24 hours. They were 
maintained in a B.O.D. chamber at a temperature of 28±2°C and relative 
humidity of 70-80 percent and under long day (14L10D) photoperiod. A 
maximum of 35-40 adults was kept in a jar. The eggs were laid by the females 
on the cottonseed or on moist sand and were collected with the help of camel 
hairbrush. Before collecting the eggs, the adults were transferred to another 
jar containing sterilized moist sand and water soacked cottonseeds. The eggs 
were kept in petridish and placed in another jar. After hatching the first instar 
nymphs were transferred in a jar containing sterilized moist sand and water 
soacked cottonseeds. The food was changed daily while the jars were 
changed twice in a week in order to maintain hygienic conditions through out 
mass culture and during experiment also. To avoid over crowding the number 
of nymphs per jar (6x8") was restricted to 100-150 first instar, 50-100 second 
instar, 50-75 third instar and 20-40 fourth and fifth instars. 
2. Experimental Procedure: Commercial formulations of insecticides were 
diluted in the simple water to make a desired concentration by the following 
method. 
(I) Preparation of solution: 
^Concentration of solution at hand. 
Vi=Volume of the solution at hand. 
N2=Concentration of solution desired. 
V2=Volume of the solution desired. 
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(ii) Application of insecticides on IV in star nymph ofD. koenigii: 
Newly moulted sixty nymphs of IV instar (males and females) were 
sorted out from the mass culture and bioassay was carried out to study the 
effect of insecticides on the biology of D. koenigii. Desired concentrations i.e. 
0.01, 0.02 and 0.04 percent of multineem (8 EC) and neemjeevan (0.3 EC) 
and 0.001, 0.002 and 0.004 percent of imidacloprid (Confidor, 200 SL), 
monocrotophos (Hilcron, 36 SL), oxydemeton-o-methyl (Metasystox, 25 EC) 
and quinolphos (Byrusil, 25 EC) were applied topically @ 1ul/IV instar on the 
thoracic terga by means of a microapplicator. They were kept in a batch of 20 
individuals in different glass jars containing water soacked cotton seed and 
sand on the bottom. The same number of nymphs was treated for each 
concentration of insecticide. 
(Hi) Method for Observations: 
Food was changed after 24 hours during the period of experiment. A 
parallel control was also run for each treatment. Observations were made on 
the total mortality of IV and V instars, longevity of both nymphal instars and 
adult emergence. Emerged adults derived from treated IV instar were sexed 
and each pair was kept in a separate jar in order to ascertain the premating, 
preoviposition, oviposition and post-oviposition periods, and side by side a 
parallel control was also run. Each pair was provided with fresh water 
soacked cottonseeds and sterilized sand on the bottom. After mating, the 
number of eggs laid by a female was recorded daily and these eggs were 
collected with help of camel hair brush and counted and kept in a petriplate 
seprately. The petriplate containing eggs as placed in a fresh glass jar. 
Hatching of eggs (fertility) as well as malformations was also recorded. The 
total longevity of mated and unmated adults derived from treated IV instar was 
also recorded. Finally, the data was analyzed statistically. 
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Effect of insecticides on the protein of reproductive organs of D. 
koenigii: 
I. Extraction of total protein from gonads: 
Newly moulted sixty nymphs of fourth instar (male and females) were 
sorted out from the mass culture and bioassay was carried out to assess the 
effect of insecticides on the total protein of gonads (testes and ovaries) of D. 
koenigii. Desired concentrations i.e 0.01, 0.02 and 0.04 percent of multineem 
(8 EC) and neemjeevan (0.3 EC) and 0.001, 0.002 and 0.004 percent of 
quinolphos (Byrusil, 25 EC), imidacloprid (Confidor, 200 SL), monocrotophos 
(Hilcron, 36 SL) and oxydemeton-o-methyl (Metasystox, 25 EC were applied 
topically @ 1 ul/IV instar on the thoracic terga by means of a microapplicator 
and kept in a batch of 20 individuals in separate glass jars containing fresh 
food and sterilized sand at their bottom. The same number of nymphs was 
treated for each concentration of an insecticide. The food was changed after 
every 24 hours. The mortality also occurred during IV and V instars, which 
were discarded. Survivors were then sexed (females and males) after 
emergence. After pairing, each pair was kept in separate glass jars containing 
fresh food and sand at their bottom in order to obtain test insects of known 
age and a parallel untreated control was also run. For different age interval of 
males and females (1-day, 4-day and 7-day after emergence) a similar 
bioassay was carried out for each concentration of an insecticide and their 
respective control. The adults of both sexes of different age intervals were 
anaesthetized with chloroform and dissected in the insect saline (0.8 percent 
NaCI) under binocular microscope for the removal of gonads. Proteins were 
extracted according to the method describe by Searcy and Mclnnis (1970). 
Known quantity of ovaries and testes isolated from the test insect of different 
ages was homogenized in 5ml of 0.5N perchloric acid (HCI04) and it was kept 
for precipitation in water bath at 100°C for 20 minutes. The homogenate was 
cooled at room temperature and centrifuged at 3000rpm for 10 minutes. The 
supernatant was taken in a volumetric flask. The residue was washed twice 
and centrifuged. Supernatant was taken in the same flask and made up to 5ml 
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with 0.5N HCIO4. Residue was dissolved in distilled water and made up to 
10ml. The solution was used for the estimation of protein. 
//. Estimation of total protein from gonads: 
Protein estimation was carried out according to the method of Lowry et 
al. (1951). A known quantity of aliquot was taken in test tubes except the one 
in which equal amount of distilled water was taken instead of aliquot. Both 
were raised to 1ml by adding distilled water. To this 5ml of freshly prepared 
copper reagent (2.68 percent sodium potassium tartarate, 1 percent copper 
sulphate and 2 percent sodium carbonate in 0.1 N NaOH) as mixed in the ratio 
of 1:1:100 (V/V/V). The test tubes were shaken for proper mixing. The tubes 
were kept for 10 minutes at room temperature and after incubation 1ml of 
previously distilled (1:4,V/V) folin phenol reagent was added to each test tube. 
The tubes were shaken vigorously and kept for 30 minutes at room 
temperature. Colour intensity was read at 750nm against a reagent blank. A 
calibration curve of bovine serum albumin was prepared by taking readings of 
solution of different dilutions, which always contain a known concentration of 
protein. The total protein for the unknown sample was calculated from 
standard curve. 
Effect of insecticides on the cholesterol of reproductive organs of D. 
koenigii: 
I. Extraction of total cholesterol from gonads: 
Newly moulted sixty nymphs of IV instar (males and females) were 
sorted out from the mass culture and bioassay was carried out to assess the 
effect of insecticides on the total cholesterol of gonads (ovaries and testes) of 
D. koenigii. Desired concentrations i.e 0.01, 0.02 and 0.04 percent of 
multineem (8 EC) and neemjeevan (0.3 EC) and 0.001, 0.002 and 0.004 
percent of imidacloprid (Confidor, 200 SL), monocrotophos (Hilcron, 36 SL), 
oxydemeton-o-methyl (Metasystox, 25 EC) and quinolphos (Byrusil, 25 EC). 
They were applied topically @ 1 ul/IV instar on the thoracic terga by means of 
a microapplicator and kept in a batch of 20 individuals in separate glass jars 
containing fresh food and sterilized sand at their bottom. The food was 
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changed at every 24 hours. The mortality was also occurred during IV and V 
instars, which were discarded; Survivors were then sexed (females and 
males) after emergence. After pairing, each pair was kept in separate glass 
jar containing fresh food and sand at their bottom in order to obtain test 
insects of known age and a parallel untreated control was also run. For each 
known age interval (0-day, 1-day, 2-day, 3-day, 4-day, 5-day and 6-day) a 
similar bioassay was carried out for each concentration of an insecticide. The 
adults of both sexes were anaesthetized with chloroform and dissected in the 
insect saline (0.8 percent NaCI) under binocular microscope for the removal of 
gonads. The extraction of cholesterol was done by the method of Folch et 
a/.(1957) as modified by Islam et a/.(1980). A known quantity of ovaries and 
testes isolated from the treated and untreated adults (from 0-day to 6-day old) 
was homogenised in 6ml of chloroform and methanol in the ratio of 2:1 (VA/). 
The homogenate was transferred into test tubes and kept overnight in 
refrigerator. The homogenate was then centrifuged at 4000rpm for 10 minutes 
and supernatant was pooled and made upto 10ml with chloroform.methanol 
(2:1). There after 2.5ml freshly prepared 0.9 percent saline solution was 
added to the extract in each test tube. This was shaken vigorously for the 
complete mixing and placed at 0-5°C in a refrigerator overnight for complete 
separation of two layers. The junction of the two layers in each test tube was 
marked and upper layer was discarded. The desired quantity from the lower 
layer was collected in a volumetric flask with the help of a syringe and stored 
at 0-5°C until final use. The test tubes in which the two layers were separated 
were dried and the volume of the lower layer of each test tubes was 
measured the extract was used for the estimation of cholesterol. 
//. Estimation of total cholesterol from gonads: 
Cholesterol was determined by Liebermann Burchard reaction as 
describe by Bloor et a/.(1922). A known quantity of aliquots as taken in the 
test tube except one in which equal amount of chloroform was added in place 
of equal aliquots. This raised to 5ml by the addition of chloroform. 1 ml of 
Bloor's colouring reagent (acetic anhydride: sulphuric acid 10:1, VA/) was 
added to each test tube. The tubes were kept in the dark for 30 minutes. The 
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colour intensity was read at 660nm against a reagent blank. From readings of 
solution of different dilution calibration curve was prepared. The values were 
plotted by least square method and concentration of cholesterol was 
calculated by the formula, 
Calculation: The following formula was used for the calculation of 
concentration of cholesterol. 
Cholesterol (mg/100mg)= C x V/ Vt x Wt 
Where, 
C= Concentration of lipid in mg. 
V= total volume of the lower layer. 
Vt= Volume taken for estimation. 
Wt =Fresh weight of tissue in 100mg. 
The data were analyzed using student t-test. Differences between means of 
control and treated groups were compared. P values less than 0.05 were 
considered to be significant. 
Effect of insecticides on the histopathology of reproductive organs of D. 
koenigii: 
Newly moulted sixty nymphs of IV instar (male and females) were 
sorted out from the mass culture and bioassay was carried out to assess the 
effect of insecticides on the reproductive organs (ovaries and testes) of D. 
koenigii. Desired concentrations i.e. 0.04 percent of multineem (8 EC), 0.004 
monocrotophos (Hilcron, 36 SL) and 0.004 percent oxydemeton-o-methyl 
(Metasystox, 25 EC). They were applied topically @ 1ul/IV instar on the 
thoracic terga by means of a microapplicator and kept in a batch of 20 
individuals in separate glass jars containing fresh food and sterilized sand at 
their bottom. The same number of individuals was treated for each 
concentration of insecticides. The food was changed at every 24 hours. 
Mortality was also occurred during IV and V instars and dead individuals were 
discarded. Survivors were then sexed (females and males) after emergence. 
4-day old adults derived from treated IV instar as well as 1-day old untreated 
control emerged adults were anaesthetized with chloroform and dissected in 
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the insect saline (0.8 percent NaCI) under binocular microscope for the 
removal of gonads. Dehydration of reproductive organs was done by using 
different grades of alcohal. The reproductive organs were then fixed in bouins 
fluid aqueous (picric acid saturated 75ml, formalin 25ml and glacial acetic acid 
5ml) for 10-15 hours and thereafter washed several times in distilled water to 
remove fixative. For dehydration, material was passed through usual grades 
of alcohol (David, 1991). The material was then cleared in xylene+absolute 
alcohol and finally in pure xylene. Infiltration was done in paraffin wax at 58-
60°C, the tissues were embedded in the paraffin wax and then embedded 
blocks were carefully trimmed with a sharp razor blade or scalpel. The 
sections of 5-6 micron thickness were cut by using "Rotary Microtome" and 
the sections were fixed on slide. The slides were kept in thermostat at 40±2°C 
overnight for complete fixing. Slides bearing ribbons were passed through two 
changes of xylene to remove the wax. Slides were then transferred to mixture 
of equal parts of absolute alcohol and xylene then hydrated by passing 
through descending grades of alcohol. The sections were stained using 
haematoxyline (1gm haematoxyline+10ml absolute alcohol+200gm of potash 
alum+200ml distilled water+0.5gm mercuric oxide) and counter stained with 
eosin (70 percent alcoholic). Complete dehydration was ensuring before 
mounting of slides in DPX for microscopic studies. 
RESULTS AND DISCUSSION 
1. EFFECT OF INSECTICIDES ON THE BIOLOGY OF D. koenigii 
Desired concentrations i.e 0.01, 0.02 and 0.04 percent of and 
neemjeevan and 0.001, 0.002 and 0.004 percent of imidacloprid, 
monocrotophos, quinolphos and oxydemeton-o-methyl were topically applied 
@ 1ul/IV instar of D. koenigii on the thoracic terga by means of a micro 
applicator. Quinolphos and oxydemeton-o-methyl were highly toxic whereas 
imidacloprid was the least. However, multineem proved to be more effective 
than neemjeevan. Fecundity, fertility, longevity and malformations were 
considerably affected in those adults derived from treated IV instar. 
1. Treatment with multineem: 
1.1 Effect on mortality and longevity of IV and V instar nymphs 
The results (Table-1, Fig.-1) showed that different concentration of 
multineem caused mortality of IV instar ranged between 10.00 to 28.33 
percent whereas 8.33 to 18.33 percent of V instar. The average total mortality 
of both IV and V instar nymph was 18.33, 23.33 and 46.66 percent at 0.01, 
0.02 and 0.04 percent concentrations respectively. 0.04 percent multineem 
was more effective than other concentrations tested. The longevity of treated 
IV instar was prolonged in comparison to that of untreated individuals as well 
as those nymphs moulted to V instar also increased. The longevity was 
considerably increased at higher concentrations in comparison to rests of 
concentration tested. 
1.2 Effect on adult emergence, fecundity, fertility and malformations 
The adult emergence was partially affected by the application of 
multineem. Surviving females derived from treated IV instar laid 61.66, 51.55 
and 37.66 eggs at 0.01, 0.02 and 0.04 percent concentrations respectively. 
Egg hatching was significantly less than control. Emerged adults derived from 
treated IV instar were significantly malformed except on lower concentrations. 
The deformities were in the form of reduced body size having curled and 
crumpled wings. The size of the nymphs was being smaller than the control. 
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These individuals were unable to shed their old cuticle and died. (Table-1, 
Fig.-1) 
1.3 Effect on premating, preoviposition, oviposition and post-oviposition 
Multineem prolonged premating period against control as shown in the 
Table-1, Fig.-1. The preoviposition period was significantly enhanced at 0.04 
percent concentration. Oviposition period was also affected and post 
oviposition period was significantly reduced in comparison to untreated 
control. 
1.4 Effect on longevity of mated and unmated adults 
The longevity of mated and unmated males derived from treated IV 
instar was found to be reduced but insignificant in comparison to untreated 
control (Table-1, Fig.-1). While the longevity of mated females was 398.00, 
397.00 and 393.00hr at 0.01, 0.02 and 0.04 percent concentrations 
respectively but the effect is insignificant. Likewise in unmated females the 
longevity was reduced significantly. 
2. Treatment with neemjeevan: 
2.1 Effect on mortality and longevity of IV and V instar nymphs 
Mortality of IV instar was observed by the application of 0.01, 0.02 and 
0.04 percent of neemjeevan. Though natural mortality occurred upto 3.33 
percent. The highest mortality of IV instar was recorded at 0.04 percent 
concentration while 15 percent obtained in V instar. The duration of IV and V 
instar was enhanced in comparison to their respective control (Table-2, Fig.-
2). 
2.2 Effect on adult emergence, fecundity, fertility and malformations 
Adult emergence was not significantly decreased in comparison to 
untreated control. However, the fecundity of surviving individuals derived from 
treated IV instar was found to be greatly affected. A single female laid 74.66, 
60.33 and 43.33 eggs at 0.04, 0.02 and 0.01 percent concentrations 
respectively, which was lower than control i.e 118.00 eggs. Fertility of the 
emerged females was significantly reduced at 0.04 and 0.01 percent 
concentrations in comparison to normal individuals. Malformations of variable 
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degrees were noted in the wings, legs and whole body of the adults. The 
highest number of deformed individuals was produced at 0.04 percent 
concentration while 1.6 deformed individuals were in the control. (Table-2, 
Fig.-2) 
2.3 Effect on premating, preoviposition, oviposition and post-oviposition 
Premating in females was insignificantly increased while this period 
was 57.66 hours in untreated control. The preoviposition period of emerged 
females derived from treated IV instar was significantly reduced at 0.04 
percent concentration of neemjeevan but insignificant reduction obtained at 
0.01 and 0.02 percent concentrations. Oviposition period was prolonged at 
0.04 percent in comparison to control but 0.01 and 0.02 percent did not affect 
significantly. The post-oviposition period was considerably reduced as well as 
significant at different concentrations in comparison to untreated control. 
(Table-2, Fig.-2) 
2.4 Effect on longevity of mated and unmated adult 
The longevity of mated males derived from IV instar treated nymph was 
392.66, 391.00 and 393.00 hours at different concentrations as compared to 
control i.e 425.00 hours whereas in unmated males it was 358.33, 358.33 and 
349.00 hours as control was 403.33 hours. The longevity of mated females 
was decreased in comparison to control. A significant result was also obtained 
at all concentrations. Likewise, longevity of unmated females was also 
reduced to 367.33 hours at 0.01 percent of neemjeevan as compared to 
control. (Table-2, Fig.-2) 
3. Treatment with imidacloprid: 
3.1 Effect on mortality and longevity of IV and V instar nymphs 
Table 3, fig.-3. showed that imidacloprid caused mortality of IV instar 
nymphs as 11.66, 15.00 and 30.00 percent at 0.001, 0.002 and 0.004 percent 
concentration respectively. The toxic effect of imidacloprid was also 
transmitted to V instar. Although 0.004 percent gave highest mortality of IV 
and V instar. The longevity of surviving individuals of IV and V instar was 
prolonged but insignificant in comparison to untreated individuals. 
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3.2 Effect on adult emergence, fecundity, fertility and malformations 
Emerged adults derived from treated IV instar were as 81.66, 73.33 
and 48.33 percent at 0.001, 0.002 and 0.004 concentrations respectively but 
insignificant in comparison to control. Fecundity was considerably affected 
and the adult females laid significantly less number of eggs due to application 
of different concentrations of imidacloprid. The number of eggs laid per female 
was 60.33, 51.00 and 37.33 as compared to 115.66 eggs by untreated 
female. Fertility was also significantly inhibited at higher concentrations than 
the lower as well as untreated control. Fertility of the derived IV instar treated 
with 0.001, 0.002 and 0.004 percent concentrations was 60.61, 52.26 and 
35.13 percent respectively. The malformations in the individuals were 55.38 
percent 0.004 percent imidacloprid. While 0.001 percent of imidacloprid gave 
insignificant deformities as compared to control. (Table-3, Fig.-3) 
3.3 Effect on premating, preoviposition, oviposition and post-oviposition 
The premating period was slightly delayed in adults derived from 
treated IV instar, which was 71.00, 80.33 and 92.66 against control i.e. 56.33 
hours. Preoviposition period of surviving females was also insignificantly 
prolonged as 58.00, 67.00 and 80.66 hours at different concentrations 
respectively whereas 44.00 hours was obtained in control. Oviposition period 
was also insignificantly enhanced in those individuals obtained from treated IV 
instar than the untreated individuals. The postoviposition period of the female 
derived from the treated IV instar was significantly decreased which was 
152.99, 117.01 and 87.02 hours at 0.001, 0.002 and 0.004 percent 
concentrations respectively as compared to control i.e 269.72 hours. (Table-3, 
Fig.-3) 
3.4 Effect on mated longevity of and unmated adult 
Newly emerged adults of both sexes treated and untreated were reared 
normally on freshly water soacked cottonseeds. The longevity of mated male 
was considerably decreased in comparison to control and was found to be 
361.66, 357.00 and 352.66 hours at different concentrations respectively. 
While unmated males the longevity was insignificantly reduced. However, 
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mated male's live longer than unmated individuals. Longevity of mated 
females was found to be as 358.66, 354.00 and 355.00 hours at different 
concentrations respectively as control where it was 434.66 hours. While in 
unmated females it was recorded as 365.66, 353.00 and 347.33 respectively 
as control was 422.33 hours. (Table-3, Fig.-3) 
4. Treatment with monocrotophos: 
4.1 Effect on mortality and longevity of IV and V instar nymphs 
Desired concentrations i.e 0.001, 0.002 and 0.004 percent were used 
against newly moulted IV instar nymphs of D. koenigii. The total mortality 
during the period of IV instar was 8.33, 15.00 and 28.33 percent at different 
concentrations respectively. After moulting mortality was also occurred during 
V instar and it was comparatively less than the IV instar. The longevity of 
surviving IV instar nymph was prolonged as 131.16, 134.33 and 138.00 at 
0.001, 0.002 and 0.004 percent concentration respectively. Longevity of V 
instar was also enhanced though these nymphs were not directly treated by 
the monocrotophos but the adverse effect was transmitted to next instar. 
(Table-4, Fig.-4.) 
4.2 Effect on adult emergence, fecundity, fertility and malformations 
Adult emergence was insignificantly affected by the application of 
different concentrations of monocrotophos on the IV instar. Emerged adults 
were less in number than those of untreated individuals. The fecundity of 
surviving females was statistically analyzed and found to be significant. 118.66 
eggs laid by an untreated female while female derived from treated IV instar 
laid 61.66, 52.66 and 36.00 eggs at 0.001, 0.002 and 0.004 percent 
concentrations of respectively. Hatching was markedly reduced in comparison 
to untreated control. After hatching the progeny or individuals are showing a 
number of malformations on their body as well as on the wings and legs. 
Malformed individuals were more in number at 0.004 percent concentration of 
monocrotophos than other concentrations. (Table-4, Fig.-4) 
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4.3 Effect on premating, preoviposition, oviposition and post-oviposition 
Premating period was reduced in the females derived from treated IV 
instar while 0.004 percent caused greater reduction in premating period as 
compared to control. Preoviposition period was also delayed because IV 
instar nymphs were treated with 0.004, 0.002 and 0.001 percent of 
monocrotophos. The duration of oviposition period was also prolonged but 
insignificant when compared to untreated control. The progeny obtained from 
treated IV instar has decreased postoviposition period as 157.34, 121.67 and 
75.35 hours at different concentrations respectively while 269.72 hours in the 
untreated control. (Table-4, Fig.-4.) 
4.4 Effect on longevity of mated and unmated adults 
Longevity of mated males and females derived from monocrotophos 
treated IV instar was significantly reduced as compared to untreated 
individuals. While longevity of unmated males was considerably reduced than 
mated males as well as in comparison to normal untreated individuals. An 
almost same result was also obtained in case of female individuals mated as 
well as unmated. (Table-4, Fig.-4) 
5. Treatment with quinolphos: 
5.1 Effect on mortality and longevity of IV and V instar nymphs 
0.001,0.002 and 0.004 percent concentrations of quinolphos were used 
on newly emerged IV instar nymphs by topical method and the mortality was 
obtained throughout the duration of IV instar which was as 13.33,16.66 and 
31.66 respectively whereas only 3.33 percent mortality occured in the 
untreated control. The survivors were kept for further observations till 
emergence of the adult. Mortality was also found in V instar. The total 
mortality of both IV and V instars was 21.66,31.66 and 54.99 percent. The 
dead individuals of IV and V instars were discarded and the remaining were 
kept in separate jars for further observations on different biological 
parameters. Longevity of the survivors was slightly increased in IV and V 
instars in comparison to their respective control but a significant increase in 
the longevity was found at 0.004 percent concentration. (Table-5, Fig.-5) 
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5.2 Effect on adult emergence, fecundity, fertility and malformations 
Adult emergence was substantially reduced by the application of 
quinolphos. It was 78.33, 68.33 and 45.00 percent at 0.001, 0.002 and 0.004 
percent concentration respectively. The fecundity was also significantly 
reduced in females derived from IV instar treated with 0.004 percent of 
quinolphos. 86.91 percent hatching occurred in untreated control whereas 
34.22 and 31.44 percent was obtained at 0.002 and 0.004 percent 
concentrations respectively as well as significant at 0.004 percent 
concentration. Malformed individuals were also produced at different 
concentrations but 0.004 percent produced higher number of malformed 
individuals than other concentrations tested as well as untreated control. 
(Table-5, Fig.-5) 
5.3 Effect on premating, preoviposition, oviposition and post-oviposition 
Premating period of female individuals obtained from treated IV instar 
was substantially increased in comparison to control. It was 73.00, 82.33 and 
94.00 hours at 0.001, 0.002 and 0.004 percent concentrations respectively. 
The preoviposition period was partially enhanced by quinolphos as compared 
to that of untreated control. The oviposition period was also partially affected 
by the insecticide. Oviposition period of female obtained from 0.004 percent 
quinolphos treated IV instar was prolonged to 100.33 hours in comparison to 
0.001 and 0.002 percent concentrations tested. The post-oviposition period 
was significantly shortened by concentrations of quinolphos. The period was 
265.05 hours in normal female individuals but 149.68, 117.34 and 75.34 hours 
was found in the females derived from treatment with 0.001, 0.002 and 0.004 
percent of quinolphos respectively. (Table-5, Fig.-5) 
5.4 Effect on longevity of mated and unmated adults 
The longevity of emerged adults derived from treated IV instar was 
significantly decreased. The longevity of mated males derived from IV instar 
nymphs treated with 0.001, 0.002 and 0.004 percent concentrations of 
quinolphos was found to be 357.66, 354.33 and 350.33 hours respectively in 
comparison to 427.00 hours in control. In mated females it was 361.00, 
360.66 and 353.00 hours, which is found to be significantly reduced in 
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comparison to control. Longevity of unmated males and females was also 
considerably reduced. 401.33 hours was the longevity of controlled unmated 
males but males derived from treated IV instar the longevity was 364.33, 
354.00 and 347.33 hours respectively. While in unmated females the 
longevity was 367.66, 356.33 and 346.66 hours at 0.001, 0.002 and 0.004 
percent concentration respectively. (Table-5, Fig.-5) 
6.Treatment with oxydemeton-o-methyl: 
6.1 Effect on mortality and longevity of IV and V instar nymphs 
Result showed that mortality in IV instar occurred when treated with 
0.001, 0.002 and 0.004 percent concentrations of oxydemeton-o-methyl and 
11.66, 18.33 and 33.33 individuals were killed respectively. Mortality was also 
manifested when the treated individuals mouited V instar. Mortality was found 
to be insignificant in V instar in comparison to control. The total both nymph 
mortality was as 21.66, 34.99 and 54.99 percent. The longevity of survivors 
obtained from treated IV instar was significantly increased in comparison to 
untreated control and found to be 134.50, 140.33 and 141.66 hours at 
different concentrations of oxydemeton-o-methyl respectively. Longevity of 
survivors of V instar derived from treated IV instar was also partially enhanced 
and found to be 213.66, 223.50 and 229.50 hours respectively while 189.33 
hours in control. (Table-6, Fig.- 6) 
6.2 Effect on adult emergence, fecundity, fertility and malformations 
Emerged adults derived from treated IV instar was also influenced by 
oxydemeton-o-methyl. 65.00 percent adults were obtained at 0.002 
concentration while 78.33 and 45.00 percent from 0.001 and 0.004 percent 
concentrations respectively. The eggs laid by a single female was significantly 
decreased in the individuals obtained from the 0.004 percent treated IV instar 
while insignificant at 0.002 and 0.001 percent concentrations. The fertility was 
also considerably decreased. The obtained fertility was 60.65, 52.84 and 
36.37 percent at 0.001, 0.002 and 0.004 percent concentrations respectively. 
A significant increase in the production of malformed individuals at 0.002 
percent concentration derived from treated IV instar. Highest malformed 
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individuals were produced at 0.004 percent and the lowest at 0.001 percent 
concentration. (Table-6, Fig.-6) 
6.3 Effect on premating, preoviposition, oviposition and post-oviposition 
The premating period was insignificantly delayed at 0.001, 0.002 and 
0.004 percent of oxydemeton-o-methyl obtained from treated IV instar. A 
significantly delayed preoviposition period was recorded at 0.004 percent of 
insecticide while 60.66 and 71.00 hours was obtained from 0.001 and 0.002 
percent respectively but insignificant as compared to control. The oviposition 
period was also affected in those individuals obtained from treated IV instar 
nymphs. The oviposition period of female was 77.00, 100.33 and 104.33 
hours at different concentrations respectively while 68.33 hours in untreated 
control. The postoviposition period was greatly decreased as well as 
significant in the surviving females derived from treated IV instar nymph. It 
was 150.34, 101.67 and 69.34 hours at 0.001, 0.002 and 0.004 percent 
concentration respectively. (Table-6, Fig.-6) 
6.4 Effect on longevity of mated and unmated adults 
Longevity of mated males was significantly decreased in those 
individuals which were derived from treated IV instar when compared to 
control whereas insignificant in unmated males. Longevity of mated males 
was 358.66, 349.66 and 348.66 hours at 0.001, 0.002 and 0.004 percent 
concentration respectively. While longevity of mated and unmated females 
was significantly decreased and found to be 359.00, 353.00 and 347.66 hours 
at 0.001, 0.002 and 0.004 percent concentrations respectively. In unmated 
females the longevity was 367.33, 360.66 and 330.66 hours. The mated 
females live longer than the unmated individuals. (Table-6, Fig.-6) 
Commercial neem formulations: multineem and neemjeevan were used 
in the present study. Multineem proved to be more effective than neemjeevan 
on the biology of D. koenigii, but neemjeevan also showed a pronounced 
effect on the post oviposition period and longevity of mated and unmated 
adults. Concentrations dependent mortality of IV instar as well as delayed 
mortality of V instar, was also obtained in the present studies. A toxic effect of 
neem seed extracts was also reported in Acyrthosiphon pisum Harris and 
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Aphis fabae Scopoli (Schauest, 1984), in L. erysimi (Bhathal and Singh, 1993, 
Singh et al., 1988) and in E. vitella (Rao et al., 2003). Pandey et al. (1987), 
Bhathal and Singh (1993) and Singh et al. (1988) reported concentration 
dependent mortality as well as immediate and delayed mortality by topical 
treatment of different doses of neemguard, neemark, neem oil and AZT-VR-K 
against L. erysimi. Immature mortality of Bemisia argentifolii occurred by the 
neem products, which was more pronounced by the higher concentrations of 
azatin followed by that of neem seed extract (Prabhakar et al., 1999). Delayed 
mortality of 100 percent caused by neem oil formulations was obtained 
against the larvae of Lymantria dispar (Bajwa and Zimmermann, 1997). 
Contrary result was obtained by Hoelmer et al. (1990) that neem was not toxic 
to adult coccinellid predators held up for upto week on treated foliage. In 
addition no acute toxicity to adult parasitoids of white flies occurred for upto 5 
days after being confined to treated foliage. 
The longevity of IV instar of D. koenigii was prolonged by the treatment 
of multineem and neemjeevan in comparison to control, while the same effect 
was also observed in V instar. Similar result is obtained by Saradamma et al, 
(1993) in which benzene extract of neem prolonged the duration of last 
nymphal instar of D. cingulatus. It was also found by Martinez and Emden 
(1999) that larval duration of S. litorallis was prolonged after incorporation of 
sub lethal concentrations of azadirachtin in their food. Higher concentration of 
RD-9 Replin prolonged the nymphal period of D. koenigii and the number of 
generations were reduced to almost half of the normal population (Gupta et 
al., 1997). Neem-based insecticides (nimbicidine and vijayneem) also 
prolonged the nymphal development of R. marginatus (Kitherian et al, 2003). 
It was proposed by Dimetry and El-Hawary, (1995) that neem Azal-F had an 
antifeedant effect, which hindered the development of nymph and elongated 
the nymphal duration. Azadirachtin was also known to inhibit the activity of 20-
monooxygenase (Smith and Mitchell, 1988), which is responsible to convert 
ecdysone to its active metabolite 20-hydroxyecdysone. Inhibition of 20-
monooxygenase by azadirachtin interferes with the ecdysteriod titer, resulting 
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in a delay or inhibition of moulting (Sieber and Rembold, 1983, Schluter, 
1985). 
Adult emergence derived from IV instar treated with different 
concentrations of multineem and neemjeevan was partially affected in 
comparision to that of control, while 0.004 percent of multineem gave 
significant reduction in the number of adult emergence in the present studies. 
Suppression of adult emergence ranged from 38-100 percent for larvae of P. 
persimilis and Aphidoletes aphidimyza treated with neem (Spollen and Isman, 
1996). Adult emergence was also affected by neem oil in Callosobruchus 
chinensis (Reddy et al., 1999). However, adult emergence was relatively high 
irrespective of treatment (El-Arnaouty et al., 2003). 
In the present study, multineem and neemjeevan significantly reduced 
the fecundity of female, D. koenigii derived from treated IV instar. However, 
greater reduction in the number of eggs laid by a single female in multineem 
than neemjeevan at different concentrations. D. fasciatus females derived 
from V instar nymphs topically applied with MNSKE produced only 54 percent 
eggs (Ochse, 1981). Gujar and Mehrotra (1983) found nearly 90 percent 
reduction in fecundity of S. litura by the treament with azadirachtin. Adults of 
S. littoralis derived from the larvae treated with 0.001 percent MNSKE laid 
only 12 percent the number of eggs as was laid by control adults (Ascher et 
al., 1984). 6 percent neem oil reduced the fecundity drastically and 3 percent 
less than 50 percent of the normal number of the viable eggs per female in N. 
lugens (Hyde et al., 1984). Females of Maxican bean beetle, Epilachna 
varivestis Muslant fed bean leaves treated with a 0.25 percent MNSKE 
produced less than 4 eggs/female/day as compared with about 
16/eggs/females/day for control and laid egg showed various defects on their 
chorion and were often infested by fungi. So the present study also in 
agreement where reduction in fecundity was obtained by Schmutterer (1987) 
in Leptinotarsa decenlimeata, Pathak and Krishna (1985) in Corcyra 
cephalonica, Saradamma et al. (1993) in D. cingulatus, Di-ilio et al. (1999) in 
Ceratitis capitata as well as Prabhakar et al. (1999) in Bemesia argentifolii. 
Fertility of eggs laid by females of D. fcoen/g/*)^terivejd from IV jnstart 
treated with different concentrations of multineem anc^^n^gmjejva^^as 
significantly affected in comparison to their respective untreated control. 0.04 
percent multineem reduced the viability of eggs to only 20.70 percent while 
the same concentration of neemjeevan gave 34.62 percent viabile eggs. 
Gujar and Mehrotra (1983) obtained 25 percent egg hachability when the 
female of S. litura treated with azadirachtin. Similar sterilizing effect of 
azadirachtin has also been repoted in L.m. migratoroides (Rembold and 
Sieber, 1981). Hatchability of Clavigralla gibbosa eggs was effected by the 
application of neem oil (Shukla and Kumar, 2002). Egg haching was reduced 
by the neem bassed insecticides in R. marginatus (Kitherian et al., 2003). 
Benzene extract of A. indica caused 100 percent sterility in D. cingulatus 
(Saradamma et al., 1993). Complete sterility of eggs was also reported by 
Dorn et al. (1987a) in O. fasciatus when treated with 8^g and 16|ig/female of 
azadirachtin. This effect of azadirachtin was attributed to inhibition of 
ecdysone synthesis in the ovary of the female locust (Sieber and Rembold, 
1981). It was further revealed that azadirachtin treated larvae or pupae may 
survive to adulthood but only with poor ovarian development (Chellayan and 
Karnavar, 1990). Di-ilio et al. (1999) found that fertility was significantly 
reduced after exposure to neem integrated diet in females of C. capitata and 
microscopic examinations revealed that irreversible damage occurred in the 
ovaries after exposure to neem as well as ovaries appeared abnormal in 
comparison to control. This could be due to either absence of eggs or 
production of sterile eggs. They hypothesized that flies fed with neem 
compounds were not able to produce egg it may be due to dysfunctioning of 
ovaries. 
Deformed adults derived from IV instars treated with different 
concentration of multineem and neemjeevan were significantly and 
insignificantly produced in comparison to their respective control in D. 
koenigii. Multineem treatment produced higher number of malformed 
individuals than neemjeevan. They were characterized by twisted and 
crumpled wings and shrunken abdomen as well as become darkly coloured. 
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Azadirachtin led to the formation of deformed adults in S. litura but was not 
dose dependent and lower concentrations tended to give high percentage of 
deformed adults with shorter life span (Gujar and Mehrotra, 1983). It was also 
found in Ephestia kuehniella where abnormal adults were produced on pupal 
treatment with azadirachtin (Rembold et a/., 1980, 1981, 1982, Sharma et a/., 
1980). These results are similar to the findings of Leuschner (1972) when 
applied 1\ig of methanolic neem leaf extract per fifth instar nymph of 
Antestiopsis orbitalis bachuana resulted in aduJt with deformed wings and 
pronotum. Incomplete moulting was also observed by Quadri and Narsaiah 
(1978) P. americana by application of 0.75^1 of aza/gm body weight. These 
are conformity with Garcia et al. (1986) in R. prolixus, Barney and Pass 
(1987) in D. fasciatus, Saradamma et al. (1993) in D. cingulatus as well as 
Kauser and Koolman (1984) in M. sexta. Schluter et al. (1985) administered 
azadirachtin injection to freshly emerged last instar larvae of M. sexta and 
elicited different reaction according to doses. At low doses pupation occurred 
in most of the cases but resulting pupae were defective for most of the part. It 
was suggested by Bidman et al. (1987) that eclosion hormone is released 
from corpus cardiacum complex in insect brain at the end of an instar 
following a series of complex biochemical reactions. Slow decline of 
ecdysteroid titer due to azadirachtin inhibits the release of eclosion hormone 
and insect that overcome this limiting effect generally appear small and 
malformed. Although it is experimentally demonstrated that alterations of 
protein synthesis at specific stage in specific tissue may have a profound 
morphogenic consequences (Rockstein, 1978) while it was concluded by 
Bhagwan et al. (1992) that deprivation of protein qualitatively and 
quantitatively during the critical stages of growth probably resulted in 
hampering the regular metamorphosis resulting in abnormal malformed D. 
koenigii when nymphs treated with Annona extracts. At lower concentrations 
of azadirachtin if moulting was achieved, growth disruption and abnormalities 
were found in S. littoralis (Martinez and Emden, 2001). Deformities in 
larvae, pupae and adults of E. vitella were also recorded after application of 
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neem extract (Rao et al., 2003). Neem seed extract at concentrations of 5, 10 
and 20ng induced wing malformations in green leafhopper (Zhao etal., 2003). 
Premating period of adult females obtained from multineem and 
neemjeevan treated IV instar nymph was extended but higher concentration 
of both products extended greater effect than control in the present study. 
While preoviposition periods were also increased as compared to their 
respective control. Postoviposition period was significantly reduced by both 
multineem and neemjeevan. Reduction in postoviposition was also reported 
by Gujar and Mehrotra (1983) in S. litura, Murugan et al. (1993) in H. armigera 
and Fakhri and Murad (2002) in D. koenigii. 
Longevity of mated and unmated males and females was reduced 
which were derived from different concentrations of multineem and 
neemjeevan treated IV instar nymphs of D. koenigii. Though both products 
caused greater reduction in the life span of unmated females. Reduction in 
longevity of adult was also found in N. lugens (Heyde et al., 1984), in males 
and females of O. fasciatus (Dorn et al., 1987a), in males of Liriomyza trifolii 
(Stein, 1984), in A. craccivora (Diemetry and El-Hawary, 1995), in D. 
cingulatus (Murugan et al., 1993), in C. capitata (Di-llio et al., 1999) and in D. 
koenigii (Fakhri and Murad, 2002). 
Different concentrations of synthetic insecticides caused a pronounced 
effect on the biology of D. koenigii. Mortality was found to be concentration 
dependent. Oxydemeton-o-methyl and quinolphos gave higher total nymph 
mortality in both instars i.e IV and V than monocrotophos and imidacloprid. 
The toxicity was further surfaced in the V instar. Mortality in V instar caused 
by quinolphos is higher than other insecticides while imidacloprid and 
oxydemeton-o-methyl were equitoxic. Bariola and Lindquist (1970) reported 
mortality of A. grandis increased with time and increase in doses of 
insecticides. Adicarb caused 21 percent mortality after 3-days and 54 percent 
after 15-days. Dicrotophos, monocrotophos and disulphan caused less than 
10 percent mortality. Mortality of IV instar larvae of H. virescens and S. 
littoralis caused by imidacloprid and cyfluthrin occurred more slowly in the 
dietary exposure than in topical application (Lagadie and Bernard, 1993). 
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While Arora et at. (2003) found that the toxicity of spinosad was more in 
comparison to monocrotophos, dichlorvos, malathion, cypermethrin, 
endosulfan and carbaryl against P. xylostella. 0.007 percent imidacloprid 
gave maximum mortality of III instar larvae of P. brassicae after 24 hour of 
treatment and profenofos, quinolphos, monocrotophos and koranda 
(fenvalerate+ acephate) also cause same mortalty (Singh etal., 2003). 
The longevity of survivors of treated IV instar of D. koenigii was 
increased substantially in the present studies. 0.004 percent quinolphos 
enhanced the longevity of IV instar to 142.33 hours in comparison to that of 
117.50 hours in untreated control while, monocrotophos was least effective. 
Longevity of V instar derived from treated IV instar was also increased. It was 
found that quinolphos prolonged the longevity much more than the other 
insecticides. Similar results reported by Katiyar and Lemonde (1972) that 
0.0022 percent of gardona and monocrotophos prolonged the larval period of 
T. confusum as 41.28 days against 18 days in control while carbamates like 
landrin and adicarb inhibited the growth. Longevity of malathion treated larvae 
of S. litura was significantly enhanced (Khowaja et a/., 1993) and 
monorotophos also increased the longevity of nymph of D. cingulatus 
(Khowaja and Qamar, 2002). Sub lethal dietary concentrations (LC20, Lcso and 
Lc8o) of cypermethrin, phosphamidon, quinolphos and endosulfan greatly 
prolonged the larval and development period in C. partellus (Singh and Nath, 
2002). Contrary result obtained by Adkisson and Wellso (1962) that P. 
gossypeilla lived fewer days when treated with DDT. Longevity of males of B. 
germanica declined linearly with the increasing the doses of chlorpyrifos, 
cyfluthrin and hydramethylon (Abd-Elghafar and Appel, 1992). 
Organophosphate insecticides are known to inhibit hydroxylation processes 
also some steroids (Conney et al., 1966). Ecdysone is an steroid, which plays 
an important role in the moulting process in insects. If the insecticides block 
the hydroxylation process, there may not be enough of this hormone 
necessary for the moulting process. This may cause prolongation of the larval 
period. The organophosphates insecticides (Domov and Kaloyanova, 1967) 
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are reported blocking lactate and succinic dehydrogenases as well. Thus 
growth inhibition might partly be the result of inhibition of energy metabolism. 
Adult emergence derived from IV instar treated with different 
concentrations of insecticides was partially affected in comparison to that of 
control, while 0.002 percent oxydemeton-o-methyl caused a significant 
inhibition on the adult emergence. Singh and Nath (2002) also reported moth 
emergence was adversally affected after dietary application of cypermethrin, 
phosphamidon, quinolphos and endosulfan. 
Number of egg laid by a female of D. koenigii derived from treated IV 
instar was significantly and insignificantly inhibited. It was monocrotophos, 
which significantly reduced the fecundity at all concentrations. While 0.001 
and 0.002 percent of imidacloprid substantially affected the fecundity, but 
0.004 percent concentration significantly inhibited the fecundity. Moreover, 
0.004 percent concentrations of quinolphos and oxydemeton-o-methyl also 
significantly responsible to bring down the number of egg per female. While 
other two concentrations did not affect significantly. Ouye and Knutson (1957) 
found a significantly lower number of eggs per female in house fly when three 
successive treatments with malathion were given to the larval media at 2ppm. 
Fewer numbers of eggs were produced at low doses of DDT in P. gossypiella 
(Adkisson and Wellso, 1962). Ingestion of sub-lethal doses of arsenate by 4 
species of diptera: Rhagoletis pomonella, D. melanogaster, D. hydei and M. 
domestica was found to supress egg production through a repressing effect 
on ovarian development (Pickett and Patterson, 1963). However, ingestion of 
sub lethal doses of sodium arsenate by Bracon hebetor, which at eclosion has 
mature ovaries, also resulted in a reduction in egg laying (Grosch, 1963) the 
author attributed this reduction to the occurrence of general somatic debility 
rather than to specific cytological effects upon the germ line. A significantly 
reduced egg production was obtained in M. domestica when topically treated 
with isolan, dimetilan, carbaryl, Bayer-39007 and Hercules-5227 (Georghiou, 
1965). Fecundity was significantly more affected by sub lethal doses of 
adicarb than dicrotophos, monocrotophos and disulphan in A. grandis (Bariola 
and Lindquist, 1970). 30ppm of monocrotophos to V instar of D. cingulatus 
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resulted in 18.1 percent reduction in the surviving females (Khowaja et ai, 
1994). Egg production was found to be considerably less in treated than in 
control group. It is suggested, therefore that the treatments caused a profound 
and long lasting disruption of normal physiological process in the insects 
(Georghiou, 1965). Topical application of Isolan on M. domestica resulted 
substantial reduction in egg laying but did not affect mating, longevity or egg 
fertility. While pyrolan had no effect on fecundity. He pointed out the nature of 
the interaction between the insecticides and physiological processes that are 
significant in reproduction remain obscure (Georghiou, 1965). Egg production 
was decreased by 76.6 percent by 0.01 percent treatment of landrin (Katiyar 
and Lemonde, 1972) in Tribolium confusum. Sub-lethal dietary concentrations 
(LC20, LC50 and Lego) of cypermethrin, phosphamidon, quinolphos and 
endosulphan adversely affeced the fecundity in C. partellus (Singh and Nath, 
2002). Contrary result was obtained by Abd-Elghafar and appel (1992) that 
1ul of sub-lethal doses (LD2O, LD3O and LD50) of chlorpyrifos, cyfluthrin and 
hydramethylon caused an increased fecundity in B. germanica. Ball and Su 
(1972) reported that female Diabrotica virgifera leconte oviposited significanty 
more and lived significantly longer than did control when treated with 
carbofuron and carbaryl. Treated insects produce more eggs may be due to 
partly to hypermovement of the body resulting from accumulation of the 
acetylcholine (Katiyar and Lemonde, 1972). Reduction in fecundity may be 
caused by inhibition of food intake. Abdel-Salam and Nasr (1968) obtained 
stimulated egg laying in Prodenia litura by the application of carbaryl, dipterex 
and toxaphene. The larvae of S. littoralis (Boisdual) treated with carbaryl and 
methyl parathion, the surviving adults laid more eggs than control females 
while endrin caused fewer eggs (Essac et ai, 1972). 
Fertility of female of D. koenigii derived from treated IV instar was also 
affected. 0.002 percent quinolphos and 0.004 percent oxydemeton-o-methyl 
significantly reduced the fertility in the present studies. Likewise Styczynska et 
ai (1969) noted that trichlorfon and ronnel reduced the fertility in housefly. 
Katiyar and Lemonde (1972) reported landrin and adicarb found to inhibit the 
growth and reduced the fertility of T. confusum. It might be possible that the 
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insecticides caused abnormal development of embryo resulting the eggs not 
hatching. Sub-lethal concentration of monocrotophos gave 21.86 and 29.89 
percent reduction in fecundity and fertility respectively of the surviving females 
of D. cingulatus (Khowaja ef a/., 1992). Viability of eggs was also adversely 
affected by sub lethal dietary concentration of cypermethrin, phosphamidon, 
quinolphos and endosulfan on C. partellus (Singh and Nath, 2002). The 
organophosphate insecticide, parathion causes death of the embryo inside 
the quail egg (Lutz-Ostertag et a/., 1969) while Akton and SD-7438 may 
possibly reduce the fertility of the eggs by causing mortality of the embryo 
(Katiyarand Lemonde, 1972). 
A number of malformed adult individuals were emerged derived from 
treated IV instar nymph. 0.002 and 0.004 percent of imidacloprid produced a 
significant number of malformed adults in comparison to that of untreated 
control. Similar results were obtained at 0.004 and 0.002 percent of 
quinolphos and oxydemeton-o-methyl respectively. While other 
concentrations of insecticides did not produced significant malformed 
individuals. 
Premating, preoviposition and oviposition period are substantially 
delayed in the emerged female derived from IV instar treated with different 
concentrations of insecticides. But 0.004 percent oxydemeton-o-methyl 
significantly delayed preoviposition period. A significantly reduced post-
oviposition period was obtained at different concentration of insecticides. 
Shorter oviposition period of the DDT treated female of P. gossypiella 
(Saunders) might be expected since these individuals showed decreased 
longevity (Adkisson and Wellso, 1962). 
Longevity of survivors of mated males and females of D. koenigii was 
considerably reduced obtained from IV instar nymphs treated with different 
concentration of insecticides. The longevity of unmated males was partially 
affected by imidacloprid, monocrotophos, quinolphos and oxydemeton-o-
methyl while in female.it is significantly reduced. However longevity of B. 
germanica that survived treatment of chlorpyriphos methyl was significantly 
shorter than control (Hamilton and Schal, 1990). Similar results were obtained 
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by the treatment of cyfluthrin and hydramethylon in German cockroach. 
Cyfluthrin decreases male longevity by 52 and 81 percent respectively 
whereas hydramethylon reduced male longevity by 81 percent. Longevity of 
females decreases by all doses of both insectides (Abd-Elghafar and Appel, 
1992). Adkisson and Wellso (1962) studied the effect of low doses of DDT on 
the longevity of P. gossypiella and showed that insects lived fewer days after 
treatment than untreated control. 
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Figure 3. Effect of Imidacloprid on the biology of D. koenigii. 
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2. EFFECT OF INSECTICIDES ON THE PROTEIN OF REPRODUCTIVE 
ORGANS OF D. koenigii 
Estimation of total proteins was carried out to assess the effect of 
different concentrations of insecticides viz, multineem, neemjeevan, 
imidacloprid, monocrotophos, quinolphos and oxydemeton-o-methyl on 
gonads i.e ovary and testis of D. koenigii. The estimation was made at age 
interval of 1-day, 4-day and 7-day old for protein. IV instar nymph were 
treated with desired concentrations of insecticides. The nymphs were 
transformed into adults then they were dissected and gonads were taken out 
for the estimation of protein. A parallel control was also run for each 
concentrations. 
1. OVARY PROTEIN: 
1.1.Level of ovary protein in multineem treatment: 
Table-7, fig.-7 showed that the quantity of protein was decreased in 1-
day old female derived from IV instar treated with 0.01, 0.02 and 0.04 percent 
multineem but insignificant when compared with control. In 4-day old 
untreated female, total ovarian protein was increased to 42.855mg/100mg, 
while 4-day old females derived from treated IV instar, the magnitude of 
inhibition of total protein was insignificant as compared to control and the 
obtained quantity was 36.743, 36.491 and 36.115 mg/100mg at three 
concentrations respectively. However, in 7-day old females, the level of total 
protein was 49.670 mg/100mg and in those females derived from 0.01, 0.02 
and 0.04 percent of multineen treated IV instar the level of total protein was 
44.878, 43.073 and 42.775 mg/100mg but insignificant inhibition as compared 
to control. 
1.2. Level of ovary protein in neemjeevan treatment: 
The level of protein in 1-day old goes down after application of 
neemjeevan but not significant. It was found to be 19.264, 19.004 and 19.352 
mg/100mg at three concentrations respectively while 24.374 mg/100mg in 
control. Whereas in 4-day old untreated females, the level of total protein was 
increased from 24.374 to 42.855 mg/100mg, but in females derived from IV 
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instar treated with 0.01, 0.02 and 0.04 percent neemjeevan, the level of 
protein was significantly inhibited at all concentrations. The amount of total 
ovary protein in untreated females continues to increase from 1-day to 7-day 
and found to be 49.670 mg/100mg. However, ovary obtained from 7-day old 
female derived from treated IV instar contains 44.302, 41.355 and 41.069 
mg/100mg at 0.01, 0.02 and 0.04 percent concentrations respectively. (Table-
8, Fig.-8) 
1.3. Level of ovary protein in imidacloprid treatment: 
It was revealed from the table-9, fig.-9 that ovary protein of 1-day old 
untreated female was 23.307 mg/100mg, whereas the protein was partially 
affected in female derived from IV instar treated with 0.001, 0.002 and 0.004 
percent concentrations of imidacloprid. Almost insignificant inhibition was also 
observed in of 4-day old female. However, the level of protein in the ovary of 
7-day old untreated females was increased remarkably in comparison to 1-
day old. 7-day old females obtained from treated IV instar nymph and then the 
ovary protein was estimated to be 43.226, 41.794 and 41.117 mg/100mg at 
0.001, 0.002 and 0.004 percent concentrations of imidacloprid respectively. 
0.001 percent of insecticide caused significant inhibition of ovary protein but 
0.002 and 0.004 percent did not cause significant effect. 
1.4. Level of ovary protein in monocrotophos treatment: 
Table-10 and fig.-10 revealed that ovary protein of 1, 4 and 7-day old 
females derived from IV instar treated with 0.001, 0.002 and 0.004 percent 
concentrations of monocrotophos was significantly and insignificantly 
inhibited. In 1-day old female obtained from treated IV instar the ovary protein 
was not significantly inhibited at different concentrations of monocrotophos as 
compared to control. While in 4-day old female the quantity of ovary protein 
was 36.752, 36.147 and 36.188 mg/100mg was found at 0.001, 0.002 and 
0.004 percent concentrations respectively. Whereas in control the total ovary 
protein was considerably higher than that of 1-day old. Further it was 
observed that a two fold increase in the amount of ovary protein in 7-day old 
females in comparison to that of 1-day old. The protein was significantly 
inhibited in 7-day old females derived from 0.002 and 0.004 percent 
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concentrations of monocrotophos treated IV instar and insignificant at 0.001 
percent concentration. The quantity of protein was 42.267, 42.039 and 40.037 
mg/100mg at different concentrations of monocrotophos while 48.005 
mg/100mg in untreated control. 
1.5. Level of ovary protein in quinolphos treatment: 
The result obtained after analysis of table-11 and fig.-11 showed that 
0.001 and 0.002 percent of quinolphos did not cause significant inhibition of 
ovary protein in 1 and 4-day old females derived from IV instar while in the 
control ovary the protein was 24.041 and 41.910 mg/100mg, in 1 and 4-day 
old females respectively. In 7-day old females, the amount was significantly 
inhibited at all concentrations, i.e 0.001, 0.002 and 0.004 percent which was 
found to be 36.962, 36.007 and 35.440 mg/100mg respectively in comparison 
to 48.336 mg/100mg in the control. 
1.6. Level of ovary protein in oxydemeton-o-methyl treatment: 
Analyzed result table-12 and fig.-12 showed that 0.004 percent of 
insecticide was proved to inhibit the protein of ovary more significantly than 
other concentrations tested. 1-day old female obtained from IV instar treated 
with 0.001, 0.002 and 0.004 percent concentrations of oxydemeton-o-methyl 
the amount of ovary protein was found to be 14.271, 13.605 and 12.766 
mg/100mg respectively while 24.041 mg/100mg in control. Inhibition of ovary 
protein was also significant in 4-day old females derived from 0.004 percent 
treated IV instar and the amount was 32.618, 28.402 and 28.356 mg/100mg 
at different concentrations respectively. A significant decrease in the quantity 
of ovary protein was found in 7-day old females obtained from IV instar 
treated with 0.001, 0.002 and 0.004 percent of oxydemeton-o-methyl while the 
quantity was 31.572, and 30.962 and 30.487 mg/100mg respectively in 
comparison to 48.336 mg/100mg in untreated control. 
Ovary exhibited an increase in total protein in untreated D. koenigii 
from 1-day and reaching maximum in 7-day old females. Present findings are 
in conformity with Clarke and Smith (1966), who observed higher rate of 
protein synthesis in aged Drosophila subobscura than in younger ones. 
Whereas, females undergoing normal cycles of oogenesis, cyclic changes in 
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protein synthesis would be anticipated (Ring, 1973). A slow but steady decline 
followed during adult life to senescence. While, Lang et al. (1965) suggested 
that such decreasing curves are due to the fact that protein is increasing more 
rapidly than nucleic acids. No sexual differences were found in either sex. 
Mills et al. (1966) reported in American cockroach that a rapid increase occurs 
reaching its peak on day two followed by a decline and another rapid increase 
begins, reaching a second peak on day five when the oocyte is taking up the 
greatest amount of protein. Thomas and Nation (1966) reported decrease in 
level of protein, which may be consequence of a decrease in RNA synthesis. 
The possible correlation of these changes in protein and RNA metabolism 
with that of gonadal cycle in female of P. americana.W was also revealed by 
Venugopal and Kumar (1997) that ovary and fat body showed a sudden 
increase in number of proteins after eclosion in D. koenigii, while trophocytes 
showed the presence of nucleic acids, proteins and glycogen but poor in lipids 
and the oocytes at maturity were packed with protein and lipid yolk granules 
(Kaur etal., 1991) in D. koenigii. 
Increase in protein level during period of attaining maturity is related 
with their demands for the synthesis of vitellogenic proteins to be incorporated 
in the developing oocytes. In 4-day old total protein content is greater than 1-
day because of vitellogenesis started on somewhere in 2- and 3-day after 
emergence of D. koenigii. This is also supported by Sharma and Sharma 
(1979) in Z. subfasciatus and Zaidi and Khan (1979) in D. cingulatus. These 
authors reported that increase in protein level was due to increase demand of 
oocyte protein during early period of vitellogenesis. Adults of 7-day old 
revealed maximum proteins contents as the ovaries were in 2nd reproductive 
cycle and the vitellogenesis is almost completed as found in present study. 
Handels(1976) work on Aedes atropalpus shows that gradual accumulation of 
protein in the maturing eggs and increase with their size upto the time of 
chorion formation (Oliviera et al., 1986). Sifat and Khan (1974) concluded in 
D. cingulatus that total protein concentration of ovaries varies in relation to 
maturation and oviposition of eggs. 
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Survivors from insecticide treated IV instar nymph exhibited reduction 
in the level of ovarian protein as compared to that of control. However, the 
decline was more with increasing concentrations of insecticides. Once the 
inhibition in the ovarian protein takes place, the level was almost same in 4-
day and 7-day old females with a slight fluctuation. Multineem and 
neemjeevan found to be almost equitoxic but 0.04 percent neemjeevan 
caused a significant inhibition in 7-day old female. It may be due to some 
unknown reason because neem formulations did not show any residual effect 
within an organism. Srivastava and Krishna (1992) also observed fall in 
protein content after treatment with eucalyptus oil in adult virgin female of D. 
koenigii. This is further supported by Murugan et al. (1993) in H. armigera. 
Moth obtained from treated larvae with neem kernel extract showed 
suppression in protein level as well as fat bodies that would severely impaired 
reproductive system. Similarly Toja et al. (1985) observed reduction in protein 
concentration of larval fat body of S. litura when single dose of azadirachtin 
(1u.g/gm of body weight) applied. Padamaja and Rao (1999) found that the 
protein content in all treatments was significantly lower in H. armigera treated 
with oil of Artemesia annula, Ageratum conyzoids and A. indica. 
Vijayaraghavan and Chitra (2002) revealed reduction of total protein content 
when all the stages from second instar to adult of S. litura treated with neem 
and annona seed extract. The protein content was dose dependent and 
lowest in 200|ag treated precocene I topically applied on D. koenigii 
(Ramalakhshami et al., 1985). 
Females derived from imidacloprid treated IV instar showed a similar 
nature of reduction in the ovarian proteins at different age intervals as 
compared to that of neem formulations but in 7-day old females, the inhibition 
of protein was more than 1- and 4-day old impairing the vitellogenesis in 2nd 
reproductive cycle. The results of survivors from monocrotophos treated IV 
instar showed that 0.004 percent caused a latent action on the ovary thereby 
more decline in the level of protein, which is significant as compared to 
untreated control. While quinolphos caused more inhibition of protein from 1-
day to 7-day old adults as compared to imidacloprid and monocrotophos. 
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Therefore, quinolphos significantly affected the fecundity and fertility (Table-
5). Quinolphos also showed residual toxicity causing more inhibition of 
ovarian protein in 7-day old than in 1- and 4-day old females. Which probably 
significantly affecting the 2nd reproductive cycle as well as first also. Survivors 
derived from oxydemeton-o-methy! treated IV instar showed that there is 
significant inhibition of ovarian protein in 7-day old females. Therefore, 
oxydemeton-o-methyl caused a severe impairment of 2nd reproductive cycle. It 
may be due to more molecules were accumulated in the body and then 
reappeared to further inhibit the level of protein. While in the first reproductive 
cycle 0.004 percent oxydemeton-o-methyl significantly reduced the fecundity 
and fertility (Table-6). 
Organophosphates are systemic insecticides and potent inhibitors of 
acetylcholinesterase in the insects. Zaidi and Khan (1981) also observed a 
dose dependent effect on the level of ovarian protein after the application of 
dipterex. Cypermethrin and quinolphos also caused reduction in protein 
content in adults of S. litura (Vijayraghavan and Chitra, 2002). While 
monocrotophos, dimethoate, methylparathion, quinolphos and endosulfan 
showed a significant decline in the protein concentration in the alimentary 
canal of R. kumarii (George and Ambrose, 1999). It was suggested by 
Bharathi and Govindappa (1987a,b) that prolonged insecticidal stress could 
reduce synthesis of protein by deranging the protein synthetic machinery of 
insects. 
2. TESTES PROTEIN: 
2.1. Level of testis protein in multineem treatment 
Results obtained from Table-13 and Fig.-13 showed that at 0.01, 0.02 
and 0.04 percent concentration of multineem did not significantly inhibit the 
testis protein. 1-day old male derived from IV instar treated with above-
mentioned concentrations the amount of testis protein was 13.939, 13.429 
and 14.560 mg/100mg respectively while 21.940 mg/100mg in untreated 
control. Then the level of protein was increased to about two folds in 4-day old 
untreated males. However, protein was not severely affected by 0.01, 0.02 
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and 0.04 percent concentrations. In 7-day old male, the testis protein was 
36.412, 35.773 and 35.209 mg/100mg at three concentrations respectively 
while 46.305 mg/100mg was in control. 
2.2. Level of testis protein in neemjeevan treatment 
The amount of testis protein decreased down from 21.940 mg/100mg 
in 1-day old untreated control to 14.443, 13.806 and 14.061 mg/100mg at 
0.01, 0.02 and 0.04 percent concentrations of neemjeevan respectively. It was 
also found that testis protein was increased to 40.235 mg/100mg in 4-day 
untreated males and finally reached to highest i.e 46.305 mg/100mg in 7-day 
old males. While 37.060, 38.602 and 35.963 mg/100mg was obtained in the 
testis of 7-day old male derived from IV instar treated with 0.01, 0.02 and 0.04 
percent of neemjeevan respectively. (Table-14, Fig.-14) 
2.3. Level of testis protein in imidacloprid treatment. 
Males at different age intervals derived from IV instar treated with 
0.001, 0.002 and 0.004 percent concentrations of imidacloprid, the amount of 
testis protein was not significantly inhibited in comparison to that of untreated 
control. But the testis protein level in normal at 1, 4 and 7-day old males was 
20.273, 38.901 and 44.972 mg/100mg respectively. (Table-15, Fig.-15) 
2.4. Level of testis protein in monocrotophos treatment 
Analysed data from the table-16 and ftg.-16 showed only 0.004 percent 
concentration of monocrotophos caused a significant inhibition of total testis 
protein in 1-day old males in comparison to that of control. While 0.001 and 
0.002 percent concentrations of insecticide offered insignificant results. 
However, 4- and 7-day old males derived from IV instar treated with 0.001, 
0.002 and 0.004 percent concentrations also affect the level of protein 
adversely but statistically insignificant in relation to age and concentrations. 
2.5. Level of testis protein in quinolphos treatment 
It was revealed from the table-17 and fig.-17 that quinolphos is the 
most promising which significantly inhibited the amount of testis protein in 
comparison to that of control. 1-day old males derived from IV instar treated 
with 0.001, 0.002 and 0.004 percent of quinolphos caused a significant 
reduction of testis protein as 9.429, 8.818 and 7.741 mg/100mg respectively 
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in comparison to that of untreated control. The level of testis protein in 4-day 
old untreated males was considerably increased to 39.568 mg/100mg while in 
4-day old male derived from treated IV instar the testis protein was 
significantly reduced which was found to be 22.733, 22.584 and 20.931 
mg/100mg at 0.001, 0.002 and 0.004 percent concentrations respectively. 
Quinolphos did not offer a significant inhibition of protein in 7-day old males 
derived from IV instar nymphs treated with different concentrations in 
comparison to untreated control. 
2.6. Level of testis protein in oxydemeton-o-methyl treatment: 
Males derived from oxydemeton-0-methyl treated with IV instar nymphs 
showed significant reduction in the level of testis protein in comparison to 
untreated control (Table-18, Fig.-18). In 1-day old males, the amount was 
10.265, 9.191 and 8.215 mg/100mg at different concentrations respectively. 
These quantities are significantly less than that of untreated control. A 
significant reduction in testis protein was also obtained in 4-day old males, 
which were derived from 0.002 and 0.004 percent concentrations, while 0.001 
percent did not offer a significant result in comparison to control. In 7-day old 
males obtained from 0.002 and 0.004 percent concentrations of oxydemeton-
o-methyl treated IV instar the testis protein was significantly reduced when 
compared to their respective untreated male individuals. 
In the present study, the level of testis protein was shown to be 
increased from 1-day to 7-day old males in untreated control. Almost two fold 
increase was obtained in the 4-day old male as compared to that of 1-day 
after emergence. Testis protein in the D. koenigii is showing the same trend of 
increase as in ovary as well as ovary contains more protein than the testis. 
Male obtained from insecticide treated IV instar showed a concentration 
dependent reduction in the level of testis protein. Quinolphos is found to be 
more toxic than the other synthetic insecticides and neem formulations. Initial 
decrease in testis protein occurred and probably the same depleted amount 
may passed forward in subsequent days but more decline was estimated in 7-
day old males. This may be due to latent toxicity caused by the insecticides. 
Multineem and neemjeevan are almost equitoxic and both of them 
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considerably inhibited the testis protein. Decreased protein and lipid contents 
as induced by NSKE and neem oil treatment may have affected 
spermatophore moulding (Pickford etal., 1969, Friedel and Gillott, 1976). 
Survivors obtained from imidacloprid treated IV instar showed a 
considerable decrease in testis protein in 1-day old and probably the same is 
stabilized in 4-day old but more decrease was recorded in 7-day old. The 
same type of decline in testis protein was also estimated in monocrotophos 
treatment with minor changes at different age intervals. While quinolphos 
caused a significant reduction 1-day after emergence and 4-day also. It may 
be due to toxic attributes of quinolphos which is potent organophosphate 
insecticide and in 7-day old a minor decline was observed. A similar nature of 
decrease in the testis protein was also obtained in oxydemeton-o-methyl 
treatment but less effective as compared to quinolphos. Zaidi and Khan 
(1981) reported an inhibition in testis protein of D. cingulatus after application 
of dipterex and also concentration dependent effect. Moreover, biosynthesis 
of DNA and protein was inhibited thereby inhibition of gonadal growth and 
spermatogenesis resulting steriliy in A. grandis by the treatment of busulfan 
(Mitlin and Wiygul, 1971) while bisazir caused a significant reduction in RNA, 
DNA, protein and alkaline phosphatase activity in the testis of E. fabae 
(Srivastava and Kumar, 1984). 
Table-7. Ovary protein (mg/lOOmg) of adults derived from multineem 



































Table-8. Ovary protein (mg/lOOmg) of adults derived from neemjeevan 



































Table-9. Ovary protein (mg/lOOmg) of adults derived from imidacloprid 



































•Significant at 0.05 
SE = Standard Error 
Figure-7. Ovary protein of adults emerged from multineem 
treated IV instar D.koenigii 
4 7 
Days 
Figure 8. Ovary protein of adults emerged from neemjeevan 
treated IV instar D.koenigii 
4 
Days 
Figure-9. Ovary protein of adults emerged from imidacloprid 
treated IV instar D.koenigii 
4 
Days 
Table-10. Ovary protein (mg/lOOmg) of adults derived from monocrotphos 



































Table-ll. Ovary protein (mg/lOOmg) of adults derived from quinoiphos 



































Table-12. Ovary protein (mg/lOOmg) of adults derived from oxydemeton-o-methyi 




































* Significant at 0.05 
SE = Standard Error 
Figure-10. Ovary protein of adults emerged from monocrotophos 
treated IV instar D.koenigii 
4 
Days 
Figure-11. Ovary protein of adults emerged from quinolphos 
treated IV instar D.koenigii 
4 
Days 
Figure-12.0vary protein of adults emerged from oxydemeton-o-methyl 
treated IV instar D.koenigii 
1 Days 7 
Table-13. Testis protein (mg/lOOmg) of adults derived from multineem 



































Table-14. Testis protein (mg/lOOmg) of adults derived from neemjeevan 



































Table-15. Testis protein (mg/lOOmg) of adults derived from imidacloprid 



































•Significant at 0.05 













Figure-13. Testis protein of adults emerged from multineem 




Figure-14. Testis protein of adults emerged from neemjeevan 
treated IV instar D.koenigii 
4 
Days 
Figure-15. Testis protein of adults emerged from imidacloprid 
treated IV instar D.koenigii 
Days 
Table-16. Testis protein (mg/lOOnig) of adults derived from monocrotphos 



































Table-17. Testis protein (mg/lOOmg) of adults derived from quinolphos 



































Table-18. Testis protein (mg/lOOmg) of adults derived from oxydemeton-o-methyl 




































* Significant at 0.05 
SE = Standard Error 
Figure-16. Testis protein of adults emerged from monocrotophos 
treated IV instar D.koenigii 
4 7 
Days 
Figure-17. Testis protein of adults emerged from quinolphos 







Figure-18. Testis protein of adults emerged from oxydemeton-o-methyl 
treated IV instar D.koenigii 
4 
Days 
3. EFFECT OF INSECTICIDES ON THE CHOLESTEROL OF 
REPRODUCTIVE ORGANS OF D. koenigii 
Efforts have been made in the present study to quantify the cholesterol 
at different age intervals in the ovary and testis of adult D. koenigii derived 
from treated IV instar. Desired concentrations of insecticides were topically 
applied on the thoracic terga of IV instar by means of micro applicator. The 
dose received by a single nymph was 1jil. Survivors were taken and kept in a 
jar with fresh food for emergence. The day of emergence was treated as 0-
day old then likewise 1, 2, 3, 4, 5 and 6-day old adult. These adults were 
dissected and then gonads were taken out for the quantification purpose. 
OVARY CHOLESTEROL: 
1.1. Level of ovary cholesterol in multineem treatment 
Females of different age intervals derived from 0.01, 0.02 and 0.04 
percent concentrations of multineem treated IV instar were considered for 
estimation of cholesterol. Analyzed results from the table-19 and fig.-19 
showed that the 0-day old female derived from 0.01, 0.02 and 0.04 percent 
concentration of multineem did not show marked inhibitory effect on the 
amount of ovary cholesterol in comparison to untreated control. While 
significant inhibition was estimated in the ovary of 1-day old female. The 
quantity was 1.334, 1.316 and 1.183 mg/100mg in individuals treated with 
different concentrations respectively whereas 1.710 mg/100mg in the 
untreated individual. In 2-day old females derived from treated IV instar, the 
quantity of cholesterol in the ovary was highly reduced and found to be 0.960, 
0.923 and 0.873 mg/100mg at 0.01, 0.02 and 0.04 percent concentrations 
respectively while 1.614 mg/100mg in the untreated control. Although 
cholesterol was reduced in a very smaller amount in 3-day old female but 
insignificant in comparison to untreated control. At this stage, the highest 
amount was accumulated in the ovary. Then the level of cholesterol falls down 
to 2.051 mg/100mg in the 4-day old untreated females. The concentration of 
0.04 percent of multineem caused a greater reduction in the quantity of 
cholesterol than at 0.01 and 0.02 percent concentrations in 4-day old female 
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derived from IV instar. The amount of ovary cholesterol was further decreased 
to 1.701 mg/100mg in the 5-day old untreated females. While female derived 
from IV instar nymph treated with 0.04 percent of multineem has significantly 
lesser amount of ovary cholesterol than untreated individuals. Whereas 
insignificant inhibition of ovary cholesterol was obtained at 0.01 and 0.02 
percent concentrations of multineem. The ovary cholesterol was again build 
up to a level of 2.166 mg/100mg, which is greater than that of 5-day old 
female. But in 6-day old female derived from IV instar treated with 0.01, 0.02 
and 0.04 percent concentrations did not show a significant decrease in the 
quantity of ovarian cholesterol. (Table-19, Fig.-19) 
1.2. Level of ovary cholesterol in neemjeevan treatment. 
Analysed result obtained from the table-20 and fig.-20, showed that 
amount of cholesterol in the ovary of untreated female at different age 
intervals was same as in the untreated control of multineem. The inhibition of 
ovarian cholesterol caused by the neemjeevan at 0-day old females derived 
from treated IV instar was insignificant in comparison to that of control. A 
significant inhibitory effect at different concentrations of neemjeevan was 
obtained in 1-day old females derived from IV instar and the amount of 
ovarian cholesterol was 1.369, 1.317 and 1.202 mg/100mg respectively. In 2-
day old untreated female the ovarian cholesterol was 1.614mg/100mg while in 
the females derived from treated IV instar nymph was 0.979, 0.942 and 0.881 
mg/100mg at different concentrations of neemjeevan respectively. Inhibitory 
manifestation caused by the neemjeevan in 2-day old females was significant. 
The amount of ovarian cholesterol i.e 4.602 mg/100mg was found in 3-day old 
females whereas inhibition caused by the neemjeevan was insignificant. The 
amount was 4.265, 4.231 and 3.374 mg/100mg in 3-day old females derived 
from IV instar treated with 0.01, 0.02 and 0.04 percent concentrations 
respectively. The quantity of ovary cholesterol decreased to 2.051 mg/100mg 
in 4-day old untreated control. A significant inhibition was obtained in 4-day 
old females derived from 0.04 percent treated IV instar nymphs while 0.01 
and 0.02 percent concentrations did not. Then the cholesterol level was 
further decrease to 1.701 mg/100mg in 5-day old untreated control in 
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comparison to 4-day old females. Inhibitory result caused by 0.04 percent 
concentration was found to be significant, while other two concentrations did 
not affect considerably. In 6-day old female the quantity of ovarian cholesterol 
was increased to 2.166 mg/100mg and in the females derived from 0.04 
percent neemjeevan treated IV instar, the amount of cholesterol was 
significantly reduced but substantial decrease was also obtained at 0.01 and 
0.02 percent concentrations. 
1.3. Level of ovary cholesterol in imidacloprid treatment: 
0-day old females derived from IV instar treated with 0.001 and 0.002 
percent of imidacloprid showed a significant reduction in ovarian cholesterol 
whereas 0.004 percent gave insignificant result in comparison to untreated 
control (Table-21, Fig.-21). In 1-day old untreated female the amount of 
ovarian cholesterol was 1.640mg/100mg while females derived from IV instar 
treated 0.001, 0.002 and 0.004 percent concentrations showed 1.004, 0.977 
and 0.944 mg/100mg of cholesterol respectively. The inhibitory effects caused 
by aforesaid concentrations are highly significant in relation to untreated 
control. Further in 2-day old female ovarian cholesterol was significantly 
reduced at different concentrations of imidacloprid. The amount was found to 
be 1.118, 1.071 and 0.877 mg/100mg at different concentrations respectively 
while 1.547 mg/100mg in untreated control. In 3-day old untreated female the 
level of cholesterol in ovary was greatly increased in comparison to 0-day, 1-
day and 2-day old females. While the level of ovarian cholesterol was 3.836, 
3.298 and 3.433 mg/100mg in females emerged from IV instar nymphs 
treated with 0.001, 0.002 and 0.004 percent concentrations respectively. In 4-
day old untreated female the ovarian cholesterol showed a sharp decrease in 
quantity as compared to 3-day old female. While the total effect in the ovarian 
cholesterol of females derived from IV instar treated with different 
concentrations of imidacloprid was statistically insignificant and quantity of 
ovarian cholesterol was 1.549, 1.418 and 1.180 mg/100mg respectively. A 
significant reduction in ovarian cholesterol was expressed in 5-day old female 
and quantity was 0.969, 0.900 and 0.869 mg/100mg at 0.001, 0.002 and 
0.004 percent of insecticide respectively. In 6-day old untreated female, the 
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level of cholesterol was increased to 2.069 mg/100mg in comparison to that of 
5-day old female. But females derived from IV instar treated with imidacloprid 
showed a substantial reduction in the level of ovarian cholesterol and was 
estimated to1.557, 1.445 and 1.283 mg/100mg at different concentrations 
respectively. 
1.4. Level of ovary cholesterol in monocrotophcs treatment: 
Results obtained after topical application of 0.001,0.002 and 0.004 
percent concentrations of monocrotophos on IV instar of D. koenigii and the 
derived female adult showed statistically significant inhibition of ovary 
cholesterol at 0-day, 1-day, 2-day and 5-day while insignificant at 3-day, 4-day 
and 6-day after emergence. In 0-day old female derived from IV instar treated 
0.004 percent of monocrotophos manifested insignificant inhibition of 
cholesterol while 0.001 and 0.002 percent gave significant results, which were 
found to be 0.984 and 0.885mg/100mg respectively. 1.640 mg/100mg of 
ovary cholesterol was estimated in 1-day old untreated female. While in the 
treated individuals, the amount of cholesterol was 1.061, 1091 and 0.916 
mg/100mg and the inhibitory effect were statistically significant at all 
concentrations as compared to untreated individuals. Moreover, a fractional 
short fall in cholesterol was obtained in 2-day old untreated females. A 
significant decrease in the level of cholesterol was found in the 2-day old 
female individuals obtained from IV instar treated with 0.001, 0.002 and 0.004 
percent of monocrotophos and the amount was 1.005, 0.900 and 0.848 
mg/100mg respectively. The maximum level of cholesterol accumulated in the 
ovary of 3-day old females. While the females derived from the IV instar 
treated with monocrotophos showed a substantial decrease in the cholesterol 
as to that of untreated individuals. Moreover insignificant inhibition of the 
cholesterol was estimated in the 4-day old females derived from IV instar 
treated with different concentrations of monocrotophos. There was a 
considerable decrease in the amount of cholesterol in 4-day old untreated 
females in comparison to that of 3-day old. Further, a significant inhibitory 
effect was manifested in 5-day old females derived from IV instar nymph 
treated with 0.001, 0.002 and 0.004 percent of monocrotophos and amount 
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was 1.441, 0.970 and 0.864 mg/100mg respectively. In 6-day old female, the 
quantity of cholesterol was again increased to 2.069 mg/100mg as compared 
to that of untreated 5-day old female. But partial effect was obtained in the 
amount of ovary cholesterol in 6-day old females derived from monocrotophos 
treated IV instar (Table-22, Fig.-22). 
1.5. Level of ovary cholesterol in quinolphos treatment. 
Table-23 and fig.-23 showed that quinolphos was found to be highly 
effective causing a significant reduction in the level of ovary cholesterol in the 
female of D. koenigii derived from treated IV instar. A significant decrease in 
the quantity of ovary cholesterol was found in 0-day old female obtained from 
IV instar treated with 0.001, 0.002 and 0.004 percent of quinolphos and it was 
0.876, 0.848 and 0.760 mg/100mg respectively as against 1.585 mg/100mg in 
the untreated individuals. 1-day old females derived from treated IV instar 
nymph manifested a significant inhibition of ovary cholesterol as compared to 
untreated females. Quinolphos caused a greater inhibition in the ovarian 
cholesterol in 2-day old females derived from IV instar treatment and the 
amount was 0.925, 0.829 and 0.782 mg/100mg at different concentrations 
respectively. In 3-day old untreated female the level of cholesterol was greatly 
accumulated in the ovary in comparison to rest of days of emergence. While 
insignificant inhibition was obtained in the females derived from IV instar 
treated with 0.001, 0.002 and 0.004 percent concentrations of quinolphos and 
level was 3.770, 3.594 and 3.592 mg/100mg respectively. In 4-day old female, 
inhibitory effect in the quantity of cholesterol caused by 0.004 percent 
quinolphos was significant while 0.001 and 0.002 percent gave an 
insignificant reduction. The quantity of cholesterol in 4-day old untreated 
female was decrease to 2.103 mg/100mg, which is less than that of 3-day old. 
In 5-day old females derived from IV instar treated with 0.001, 0.002 and 
0.004 percent concentration showed a considerable decrease in the quantity 
and found to be 0.949, 0.873 and 0.783 mg/100mg respectively. However the 
amount of cholesterol was further decrease in the ovary of 5-day old 
untreated individuals. The level of cholesterol was again accumulating in the 
ovary as compared to that of 4-day and 6-day old females. While the amount 
was estimated to be as 1.431, 1.235 and 1.094 mg/100mg in the 6-day old 
females as well as only 0.004 percent of quinolphos inflicted a significant 
inhibition of ovary cholesterol. 
1.6. Level of ovary cholesterol in oxydemeton-o-methyl treatment: 
After analysis of data (Table-24, Fig.-24) it was revealed that inhibitory 
effect caused by oxydemeton-o-methyl in the quantity of ovary cholesterol 
was significant in 0-day, 1-day, 2-day and 5-day old adult females. 0-day old 
female derived from IV instar treated with 0.001, 0.002 and 0.004 percent 
concentrations showed a significant inhibition which was found to be 0.957, 
0.940 and 0.802 mg/100mg respectively as well as 1.585 mg/100mg in the 
untreated control. The ovary cholesterol in 1-day old females obtained from 
treated IV instar was 1.113, 1.032 and 1.073 mg/100mg respectively at 
different concentrations respectively. A significant cholesterol inhibition was 
also obtained in the 2-day old females derived from treated IV instars. 
Whereas peak level i.e 4.652 mg/100mg cholesterol was obtained in 3-day 
old untreated females but derived treated individuals did not show a 
significant reduction in the quantity of cholesterol. The level was as 3.819, 
3.591 and 3.530 mg/100mg respectively at different concentrations tested. 
The estimated cholesterol was decreased to 2.103 mg/100mg in the ovary of 
4-day old females as compared to that of untreated 3-day old females. The 
inhibitory effect caused by oxydemeton-o-methyl was not significant and level 
was as 1.527, 1.453 and 1.350 mg/100mg in the females derived from 
different concentrations treated. A significant inhibitory manifestation was 
found in the ovary of 5-day old females by the oxydemeton-o-methyl and the 
quantity was found to be 1.075, 1.008 and 0.838 mg/100mg respectively, 
while 1.751 mg/100mg was in untreated individuals. The amount of 
cholesterol was again build up to 2.218 mg/100mg in the untreated control of 
6-day old females while females derived from IV instar treated with 0.001, 
0.002 and 0.004 percent concentrations of oxydemeton-o-methyl did not show 
a significant bearing on the level of ovary cholesterol. 
Therefore in present study, the level of ovarian cholesterol varies at 
different age intervals in D. koenigii. Since cholesterol is known to be a 
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probable precursor of metabolic processes (Clark and Bloch, 1959a,b) as well 
as ecdysone (Galbraith et al., 1970, Robbins ef a/., 1971, Thompson et a/., 
1972). Although it is essential for normal growth, reproduction, larval moulting 
and metamorphosis (Gilmour, 1961, Dadd, 1963, Fast, 1964, Gilbert, 1967, 
Robbins et a/., 1970, Dadd, 1973). Such fluctuations in the level of ovarian 
cholesterol at different age intervals have resulted in providing the basic 
requirement for the synthesis of ecdysone in the ovary, which has also been 
demonstrated by Karlson and Hoffmeister (1963), Galbraith et a/.(1970) in 
Calliphora stygia, Willig et al. (1971) in Calliphora, Hagedorn et al. (1974) in 
A. aegypti, Charlet et al. (1979) in L. migratoria, Hoffmann et a/.(1980) in L 
migratoria, Dinan and Rees (1981) in S. gregaria and Lagueux et al. (1981) in 
L. migratoria. 
The level of cholesterol is low in 0- to 2-day old adult females of D. 
koenigii. Although ecdysone is also required after the emergence of adult 
female for the development of oocytes. It was shown by Hanaoka and 
Hagedorn (1980) that ovarian ecdysone in A. aegypti appeared to be largely 
released into haemolymph and after conversion into 20-hydroxyecdysone in 
the fat body may initiate vitellogenin synthesis and then incorporated in 
developing oocyte. 
Ovaries of 3-day old females of D. koenigii are almost matured and 
vitellogenesis may nearly be completed in the oocytes of vitellarium and the 
females are ready to lay eggs on next day. Therefore, maximum amount of 
cholesterol is obtained in the present study. It was also demonstrated by 
Kaplanis et al. (1966), Robbins et al. (1971) and Thompson et al. (1972) that 
high amount of cholesterol is significantly associated with synthesis of 
ecdysone for the maturation of ovary. 2nd reproductive cycle of D. koenigii 
may begins simultaneously with that of maturation of ovary of 1st reproductive 
cycle where females start laying the eggs. Therefore, level of cholesterol is 
decreased in 4-day old female of D. koenigii, which probably is showing rapid 
synthesis of ecdysone to be required by the insect. It is also experimentally 
proved that ovarian ecdysteroids are almost entirely passed into ooplasm of 
egg of Locusta where they may function during embryogenesis (Hoffmann et 
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a/., 1980) as well as more ecdysone is synthesized to initiate vitellogenin 
synthesis in the fat body (Hanaoka and Hagedorn, 1980) to be incorporated 
into developing oocytes of 2nd reproductive cycle in vitellarium. The amount of 
ovarian cholesterol is gradually increasing from 5- to 6-day old adult and 
showing that female of D. koenigii has entered in 2nd reproductive cycle and 
may attain maturity on somewhere day-7 after emergence. 
Female adults derived from treated IV instar showed significant and 
insignificant inhibition of cholesterol in comparison to untreated control at 
different age intervals as well as in concentration dependent manner. A 
similar report obtained by Zaidi and Khan (1981) when trichlorfon (dipterex) 
was applied topically on the females of D. cingulatus. Multineem and 
neemjeevan both are almost equally toxic which considerably inhibited 
cholesterol on 1- and 2-day old females derived from IV instar. While, 
quinolphos caused a greater inhibition of ovarian cholesterol than three 
organic insecticides and two neem formulations. Once the inhibition of 
cholesterol occurred in the ovary the same amount may passed forward on 
subsequent days with a minor change. While Saxena and Bhatnagar (1980) 
obtained that cholesterol in the tissue is immediately affected by 
chemosterilants and sudden rise in the level upto 24 of hrs treatment, there 
after the stability is observed. Females survivors of D. koenigii derived from IV 
instar treated with 0.01, 0.02 and 0.04 percent of multineem and neemjeevan 
showed nearly a similar trend of inhibition of ovarian cholesterol leading to 
delay in premating, preoviposition and oviposition period (Table-1, 2). 
Fecundity and fertility is also significantly decreased as compared to that of 
control (Table-1, 2). Both neem formulations are containing azadirachtin 
which has an adverse effect on ovarian development, fecundity and fertility 
(Karnavar, 1987) as well as inhibit both oogenesis and ovarian ecdysteroid 
synthesis causing total disruption of oviposition in L. migratoha (Rembold and 
Sieber, 1981) and with poor ovarian development in adult female of 
Trogoderma granarium obtained from azadirachtin larvae or pupae. 
Therefore, it may be concluded that multineem and neemjeevan interfere 
ecdysone synthesis in the ovary of D. koenigii thereby maturation of ovary is 
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delayed or failed to mature properly and decreased amount of ecdysone 
made available to be incorporated in the matured oocytes for embryogenesis 
leading to reduction in fecundity and fertility. 
Females of D. koenigii obtained from imidacloprid treated IV instars 
showed a significant inhibition of ovarian cholesterol on the day of emergence 
i.e. 0-day as well as on 1- and 2-day also. Inhibition of cholesterol leads to 
reduction in synthesis of ecdysone affecting the vitellogenin in the fat body 
and delayed maturity of the ovary. Therefore, prolonged premating, 
preoviposition and oviposition periods were observed in the present studies 
(Table-3). It was also observed that fecundity is significantly reduced at 0.004 
percent imidacloprid as compared to that of control. It may due to higher 
amount of inhibition of cholesterol than control, which caused decreased 
synthesis of ecdysone affecting the vitellogenesis. Fertility of the eggs is 
reduced as compared to that of control as obtained in table-3. It may probably 
be due to lesser amount of ecdysone incorporated in the egg before laying 
which interferes embryogenesis leading to death of embryo. 
All organophosphorous insecticides are lipophilic and known to have a 
strong affinity for interaction with membrane phospholipids (Madeira and 
Madeira, 1994) and believe to be the site of action (Datta et ai, 1994) 
although acetylcholinesterase being the principal mode of action of 
organophosphate insecticides (Kaur and Dhanju, 2004). Survivors derived 
from monocrotophos treated IV instar showed that the amount of cholesterol 
was almost same in 1- to 2-day old and is passed on to the next day but in 3-
day old, further inhibition of ovarian cholesterol was observed (Table-22). It is 
known that monocrotophos is a systemic insecticide and potent 
acetylcholinesterase inhibitor and the residue may be accumulated into the 
body, which may be resurfaced and inhibited the cholesterol. While decrease 
in inhibition was estimated in 4-day old and then further decrease in 5-day old 
after that more inhibition was estimated in 6-day old adults. The author could 
not be able to infere this result because of lack of such studies. Inhibition of 
cholesterol by monocrotophos has significantly reduced the fecundity as 
compared to control but fertility was not affected significantly (Table-4), while 
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a significant decrease in the amount of ovarian cholesterol was reported in the 
albino rat after long term treatment with low doses of dimethoate, methyl 
parathion and monocrotophos (Kaur and Dhanju, 2005). 
Ovarian cholesterol of adult survivors obtained from quinolphos treated 
IV instar showed a greater inhibition than monocrotophos but the trend is 
almost same in both treatments. Therefore, synthesis of ecdysone may be 
reduced which is leading to decrease in fecundity and fertility as well delayed 
premating, preoviposition and oviposition periods (Table-5). It was also 
observed in the present studies that residue of quinolphos may be reappeared 
in 6-day old adult and that caused a reduction in ovarian cholesterol, which 
probably affect the 2nd reproductive cycle delaying the oogenesis. A similar 
nature of inhibition of ovarian cholesterol is also occurred in survivors derived 
from oxydemeton-o-methyl treated IV instar of D. koenigii but less effective 
than quinolphos in terms of different biological parameters (Table-6). 
2. TESTIS CHOLESTEROL: 
2.1. Level of testis cholesterol in multineem treatment: 
Results (Table-25, Fig.-25) showed that quantity of cholesterol in the 
testes of adult was high at beginning of age and then decrease to 1.808 
mg/100mg and again increase to 3.488 mg/100mg in 4-day old then 
subsequently decreased to 1.435 mg/100mg on 6-day. 0-day adult obtained 
from IV instar treated with 0.01, 0.02 and 0.04 percent of multineem, the level 
of cholesterol was 3.032, 2.920 and 2.762 mg/100mg respectively, which 
appeared to be statistically insignificant as compared to that of untreated 
control. Likewise substantial inhibition was also manifested in testes 
cholesterol in 1-day old males while 1.254, 1.169 and 1.052 mg/100mg of 
cholesterol was obtained in the 2-day old males derived from IV instars 
treated with 0.01, 0.02 and 0.04 percent concentration of multineem 
respectively and the inhibited amount was found to be significant in 
comparison to that of untreated control. In 3-day old males, the inhibitory 
effect caused by the different concentrations of multineem was not significant 
in comparison to control and the estimated quantity was 1.720, 1,641 and 
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1.547 mg/100mg respectively. The maximum quantity of cholesterol was 
accumulated in the testes of 4-day old males. While the inhibited amount was 
2.852, 2.762 and 2.592 mg/100mg in 4-day old males derived from IV instar 
subjected to 0.01, 0.02 and 0.04 percent concentrations respectively. A 
significant decrease in the level of testes cholesterol was obtained by different 
concentrations in 5-day old males and quantity was found to be 1.049, 0.931 
and 0.840 mg/100mg respectively as compared to 1.555 mg/100mg in the 
untreated control. Multineem was also gave a considerable reduction in 6-day 
old as compared to that of untreated control. It was 0.916, 0.854 and 0.747 
mg/100mg when treated with 0.01, 0.02 and 0.04 percent of multineem 
respectively. 
2.2. Level of testis cholesterol in neemjeevan treatment 
In 0-day old males, the inhibitory effect in the testis cholesterol was 
more by 0.04 percent concentration than that of 0.01 and 0.02 percent of 
neemjeevan, but was insignificant in comparison to untreated control. 1-day 
old males derived from IV instar treated with different concentrations of 
neemjeevan the level of cholesterol was found to be 1.749, 1.871 and 1.563 
mg/100mg respectively while, 2.181 mg/100mg in the untreated control. 
However, the decrease was insignificant in comparison to that of untreated 
control. A highly significant decrease in the quantity of cholesterol was 
obtained in the 2-day old males derived from IV instar treated with 0.01, 0.02 
and 0.04 percent. The amount of testis cholesterol in 3-day old untreated 
control was increased to 2.328 mg/100mg in comparison to 2-day old males. 
While the result obtained in this age of males derived from IV instar treated 
with neemjeevan was insignificant as compared to control. In 4-day old males 
derived from treated IV instar, the estimated level of testes cholesterol was 
2.918, 2.897 and 2.809 mg/100mg at different concentrations respectively 
while 3.488 mg/100mg in the untreated individuals. In 5-day old males, the 
cholesterol was significantly inhibited by 0.02 percent concentration of 
neemjeevan while other concentrations did not inflict significant reduction. The 
quantity in untreated males was decreased to 1.555 mg/100mg in comparison 
to that of 4-day old males. A significant inhibition in the quantity of testis 
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cholesterol was obtained in 6-day old males derived from IV instar treated 
with 0.01, 0.02 and 0.04 percent of neemjeevan. While, cholesterol was 
decreased in 6-day old untreated males in comparison to that of 5-day old 
(Table-26, Fig.-26). 
2.3. Level of testis cholesterol in imidacloprid treatment: 
Testes cholesterol from the adults of different age intervals derived 
from imidacloprid treated IV instar was estimated (Table-27, Fig.-27) and 
showed that it was significantly and insignificantly inhibited. In 0-day old 
males, the estimated quantity was 2.884, 2.811 and 2.656 mg/100mg in the 
derived IV instar treated with 0.001, 0.002 and 0.004 percent concentrations 
respectively. The amount of cholesterol was then decreased in 1-day old 
untreated males in comparison to that of 0-day old. Although inhibition of 
cholesterol was insignificant in the males derived from treated IV instar. In 2-
day old males, a highly significant reduction was obtained in the treated group 
and estimated level of cholesterol was 1.086, 1.042 and 0.951 mg/100mg at 
0.001, 0.002 and 0.004 percent concentration of imidacloprid respectively. 
The testis cholesterol was further increased to 2.197 mg/100mg in the 3-day 
old untreated control males. An inhibitory effect occurred in 3-day old males 
derived from IV instar treated with imidacloprid. It was found to be 1.715, 
1.636 and 1.527 mg/100mg at 0.001, 0.002 and 0.004 percent concentrations 
respectively. Maximum amount of cholesterol was estimated as 3.333 
mg/100mg in the 4-day old untreated males but males derived from treated 
from IV instars showed adverse effect in the level of testes cholesterol. A 
highly significant inhibitory effect was estimated in the cholesterol of 5-day old 
males derived from IV instar treated with 0.001, 0.002 and 0.004 percent of 
imidacloprid. The quantity decreased in 6-day old untreated males and 
imidacloprid also exerted a significant reduction in the amount of testis 
cholesterol in the males derived from treated IV instar. 
2.4. Level of testis cholesterol in monocrotophos treatment: 
Different concentrations of monocrotophos manifested significant and 
insignificant inhibition of testis cholesterol at different age intervals (Table-28, 
Fig.-28). 0-day old males derived from IV instars treated with 0.001, 0.002 and 
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0.004 percent of monocrotophos, the level of cholesterol was 2.944, 2.907 
and 2.769 mg/100mg in comparison to 3.258 mg/100mg in untreated control. 
While in 1-day old untreated male, the estimated amount was decreased to 
2.069 mg/100mg but the males derived from treated IV instars showed an 
inhibition of testes cholesterol which is found to be 1.608, 1.577 and 1.404 
mg/100mg at 0.001, 0.002 and 0.004 percent concentrations respectively. In 
2-day old males derived from 0.004 percent concentration treated IV instar 
manifested a significant inhibitory effect in the amount of testes cholesterol 
while other concentrations didn't affect significantly. Inhibitory manifestation of 
testes cholesterol in 3-day old males was insignificant in comparison to that of 
untreated males. Though 1.959, 1.848 and 1.747 mg/100mg of cholesterol 
was estimated at 0.001, 0.002 and 0.004 percent of monocrotophos 
respectively. The maximum quantity of testes cholesterol i.e 3.333 mg/100mg 
was obtained in 4-day old untreated males while males derived from treated 
IV instars consist of 3.052, 2.926 and 2.836 mg/100mg of cholesterol in their 
testes at different concentrations respectively. The cholesterol obtained in 5-
day old males derived from treated IV instar was significantly inhibited as 
compared to that of untreated males. The estimated quantity was 1.081, 
0.970 and 0.882 mg/100mg at various concentrations of monocrotophos 
respectively. Then cholesterol was drastically decreased in 6-day old 
untreated males, which was significantly inhibited in the males derived from 
treated IV instars. The estimated quantity of cholesterol was 1.012, 0.913 and 
0.816 mg/100mg at different concentrations of monocrotophos respectively. 
2.5. Level of testis cholesterol in quinolphos treatment 
Analyzed result (Table-29, Fig.-29) showed that inhibitory effect caused 
by quinolphos on the quantity of testes cholesterol was significant in 2-day, 5-
day and 6-day old males derived from IV instar of D. koenigii. In 0-day old 
males derived from treated IV instars, cholesterol was 2.801, 2.683 and 2.590 
mg/100mg respectively while 3.508 mg/100mg was obtained from the 
untreated control. In 1-day old males, the level of testes cholesterol is 
gradually decreased to 2.262 mg/100mg in comparison to 0-day old males. 
Although reduction in the cholesterol was obtained in 1-day old adults derived 
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from IV instar treated with 0.001, 0.002 and 0.004 percent of quinolphos and 
estimated level was 1.474, 1.422 and 1.307 mg/100mg respectively. Further 
decrease in cholesterol was observed at next age interval i.e. 2-day old 
untreated adult and a significant reduction in the quantity of cholesterol was 
obtained in the males derived from IV instars treated with 0.001, 0.002 and 
0.004 percent concentrations of quinolphos. The level of cholesterol was also 
found to be dose dependent. Accumulation of cholesterol in the testes of 3-
day old untreated males was gradually increased to 2.417 mg/100mg in 
comparison to 1.896 mg/100mg in 2-day old males. While reduced amount of 
cholesterol was shown in the 3-day old males derived from treated IV instars. 
In 4-day old males derived from IV instar treated with different concentrations, 
the level of testis cholesterol was 2.666, 2.610 and 2.552 mg/100mg 
respectively as compared to that of 3.581 mg/100mg in untreated control. In 
5-day old males, inhibition of cholesterol was significant and estimated 
quantity was 0.821, 0.767 and 0.671 mg/100mg at different concentrations of 
quinolphos respectively, while 1.647 mg/100mg was obtained in the 5-day old 
untreated control. The level of testis cholesterol was substantially decreased 
in the 6-day old untreated males and the results obtained in those males 
derived from treated IV instar were found to be highly significant. 
2.6. Level of testis cholesterol in oxydemeton-o-methyl treatment: 
The analyzed data (Table-30, Fig.-30) showed that oxydemeton-o-
methyl also significantly inhibited testes cholesterol in the males derived from 
IV instar treated with different concentrations. The estimated cholesterol in the 
0-day old males derived from treated IV instar was 2.830, 2.786 and 2.685 
mg/100mg respectively, which is insignificant as compared to that of 
untreated adults. Further considerable inhibition didn't occur in 1-day old 
males. A significant inhibitory manifestation occurred in testes cholesterol in 
the 2-day old males obtained from IV instars were treated with C.001, 0.002 
and 0.004 percent concentrations of oxydemeton-o-methyl. The amount was 
found to be 1.249, 1.184 and 1.089 mg/100mg respectively while 1.896 
mg/100mg obtained in untreated control males. The quantity of testis 
cholesterol increased gradually in the 3-day old untreated males and the 
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derived males with the same age consist of 1.734, 1.671 and 1.566 
mg/100mg respectively. 4-day old untreated males consists of highest amount 
of cholesterol was in their testes as compared to other days after emergence. 
The inhibitory effect was found in those adults derived from IV instar treated 
with 0.001, 0.002 and 0.004 percent of oxydemeton-o-methyl but the inhibition 
was not significant as compared to that of untreated males. In 5-day old males 
derived from treated IV instars showed a significant decrease in testes 
cholesterol and it was found to be as 0.973, 0.970 and 0.785 mg/100mg 
respectively as compared to that of 1.647 mg/100mg in the untreated control. 
Whereas 1.523 mg/100mg of cholesterol was estimated from 6-day old 
untreated males which is less than that of 5-day old. While the amount of 
cholesterol was considerably reduced in the adults derived from IV instars. 
The estimated quantity was 0.907, 0.810 and 0.706 mg/100mg at different 
concentrations of oxydemeton-o-methyl respectively. 
Cholesterol of testis may also be a probable precursor for synthesis of 
ecdysone as ovarian cholesterol, which has already been discussed. The role 
of ecdysone to promote sperm maturation was demonstrated by Kambysellis 
and Williams (1972) in Cynthia silkworm, Dumser and Davey (1975) in 
Rhodinus, Furkushima and Yagi (1975) in lepidoptera. In present studies, the 
amount of testis cholesterol in untreated control is high after emergence i.e. 0-
day old and then declines gradually upto 2-day. After that an increase is found 
in 3-day old and then decreases in 5- and 6-day old males. Therefore, the 
fluctuation in the level of cholesterol was found at different age intervals. 
While Zaidi and Khan (1974) obtained a peak of testis cholesterol in 3-day old 
D. cingulatus and then decrease in 4- and 5-day and final decline was found 
on 7-day of emergence. It may probably due to the males copulate with 
several females during its life span, as well as after every mate cholesterol is 
required for synthesis of ecdysone for spermatogenesis and maturation of 
sperms. Since spermatogenesis is supposed to be a continous process where 
enormous number of sperms are transferred during each mating. 
Males of D. koenigii obtained from treated IV instars showed a 
significant and insignificant inhibition in the amount of testis cholesterol at 
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different age intervals as well as concentration dependent. The same result 
also obtained by Zaidi and Khan (1974) by dipterex treatment. Quinolphos 
caused a greater inhibition in the amount of testis cholesterol than other 
synthetic insecticides and neem formulations. Once the decline in the level of 
cholesterol occurred, the same was found in different age intervals with minor 
fluctuations. It was also found that multineem was more effective in 
decreasing cholesterol than neemjeevan. Decrease in cholesterol by 
azadirachtin is leading to reduction in the synthesis of ecdysone affected the 
spermatogenesis and a failure to transfer the spermatozoa to female and this 
may in turn result in reduced fecundity (Murugan ef a/., 1993). Evidences also 
showed that decrease in the activity of acid phosphatase in testis and seminal 
vasicie may be due to inhibitory role of NSKE and neem oil on 
spermatogenesis and sperm survival (Schluter and Schltz, 1983). It is well 
known fact that spermatozoa derive their energy from ATPase and any 
interference in the production and activity of ATPase would render the 
spermatozoa immobile which occurred by the treatment of neem oil on H. 
armigera (Murugan etal., 1993). Neem oil seems to affect activity of trehalase 
which provides energy, motility and activation of sperms (Sabhanayakam et 
ai, 1993). These findings are same as those of Riar et al. (1990). Male 
survivors obtained from imidacloprid treated IV instars showed a decrease in 
testis cholesterol and the same is probably passed forward at subsequent age 
intervals but significantly inhibited in 5- and 6-day old as compared to control. 
Almost same amount of reduction is occurred by monocrotophos. While males 
derived from quinolphos treated IV instars showed a greater decline in the 
level of testis cholesterol than oxydemeton-o-methyl. It may be due to residue 
of quinolphos accumulated in the body and reappeared to cause further 
inhibition of testis cholesterol. Therefore, it may be concluded that any change 
occurred in the level of testis cholesterol affect the synthesis of ecdysone, 
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Figure-19. Ovary cholesterol of adults emerged from multineem treated 
IV instar of D.koenigii 
„ 3 
Days 
Figure-20. Ovary cholesterol of adults emerged from neemjeevan treated 
IV instar of D.koenigii 
3 
Days 
Figure-21. Ovary cholesterol of adults emerged from imidacloprid treated 
IV instar of D.koenigii 
3 
Days 
Figure-22. Ovary cholesterol of adults emerged from monocrotophos treated IV 














Figure-23. Ovary cholesterol of adults emerged from quinolphos treated 
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Figure-24. Ovary cholesterol of adults emerged from oxydemeton-o-methyl treated 
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Figure-25. Testis cholesterol of adults emerged from multineem treated 
IV instar of D.koenigii 
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Figure-26. Testis cholesterol of adults emerged from neemjeevan treated 
IV instar of D.koenigii 
Jays 
Figure-27. Testis cholesterol of adults emerged from imidacloprid treated 
IV instar of D.koenigii 
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Figure-28. Testis cholesterol of adults emerged from monocrotophos treated IV 
instar of D.koenigii 
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Figure-29. Testis cholesterol of adults emerged from quinolphos treated 
IV instar of D.koenigii 
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Figure-30 Testis cholesterol of adults emerged from oxydemeton-o-methyl treated IV 
instar of D.koenigii 
4. EFFECT OF INSECTICIDES ON THE HISTOPATHOLOGY OF 
REPRODUCTIVE ORGANS OF D.KOENIGII 
Histology of ovary of 4-day old adult female {(Normal) (Figure-31,32)} 
Ovary of D. koenigii is milky white in colour and consists of seven 
telotrophic meroistic ovarioles. Each ovariole is composed of a terminal 
filament, germarium, vitellarium and pedicel. The individual filament of each 
ovariole fuse to form a suspensory ligament and inserted into dorsal body wall 
by which developing ovary is suspended within body cavity. Each ovariole is 
enclosed by an outer epithelial sheath and inner the tunica propria, in which 
the cells are inconspicuous and seen as an acellular with scattered ovoid 
nuclei. The distal part of ovariole is germarium, which contains germ cells, 
trophocytes and prefollicular tissue. At early stage of development only a 
single cell is present that divides to form a cluster of cells. The most proximal 
cells give rise to oocytes while the distal cells trophocytes. In the apical part of 
germarium, nurse cells are small and showing small nucleoli, and then more 
basally the nurse cells enlarge and they divide to form large number of cells, 
which fuse to form binucleate and multinucleate cells like syncytium. The 
central part is occupied by central core, trophic core to which nurse cells send 
finger like projections and lay down their nutritive components in to the trophic 
core. The posterior end of trophic core bears a number of cytoplasmic 
projections, the nutritive cords which extends to the developing oocytes. 
These cords are the bridges over which the nutritive contributions from the 
trophocytes pass to the oocytes. The prefollicular tissue consists of spindle-
shaped cells oriented with their long axis right angles to the long axis of the 
ovariole. Nuclei are found close to the tunica propria. The nuclei bear one or 
two nucleoli and sparse amount of condensed chromatin. The photographic 
control plate (Fig.-31) is also showing a number of primary oocytes at the 
proximal part of germarium, each of them is receiving nutrition from 
cytoplasmic cords arising from trophic core, which are very fine, and also 
forming future ova of the 2nd reproductive cycle of female bug. A few of the 
developing primary oocytes are seen at the proximal part of germarium. They 
are well connected with the nutritive cords. The germinal vesicles of these 
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oocytes contain endobodies and vacuoles and some other inclusions of 
unknown nature. Nuclei of follicle cells undergo one ameiotic division. 
In vitellarium seven to eight oocytes are seen at various stages of 
development and arranged as accordingly to maturity as the older is found at 
the proximal part of the vitellarium and younger at distal. The young oocytes 
gradually grow larger by incorporation of yolk and enclosed by 2-3 layers of 
follicular epithelium columnar in shape and also connected with nutritive cord 
to receive nutrition. It is a previtellogenic oocyte when it leaves the distal part 
the nutritive cord is withdrawn. At this stage extra ovarian yolk deposition is 
started known as vitellogenic phase. The oocyte grows more and the follicular 
epithelium is stretched and become squamous and single layer. These cells 
are much enlarged and their large and often irregular shaped nuclei divide 
amitotically into two nuclei of similar size, each containing a large nucleolus 
become binucleate and some of them are also uninucleate and 
characteristically, form villi extending into ooplasm, presumably increasing the 
surface area available for the transmission of yolk precursor. As the oocyte 
grows by yolk incorporation the follicle cells become more and more 
squamous. The nucleus of young oocyte, germinal vesicle is large in the 
previtellogenic phase. All chromosomes are seen to be attached to the 
nuclear membrane. Germinal vesicle subsequently grows along with the 
growth of young oocyte in the previtellogenic phase while in the vitellogenic 
phase, the size of germinal vesicle decreased because of excessive 
accumulation of yolk and changed its position from a central area during early 
phase to a more cortical position. The chromatin granules are scattered. The 
chromosomes of germinal vesicle are also scattered which is probably 
modified prophase of the first maturation division. The follicles are separated 
from each other by interfollicular tissue. 
HISTOPATHOLOGY OF OVARY: 
A. Multineem treatment (Figure-33) 
Histological degenerations have occurred in the ovary of 4-day old 
female derived from 0.04 percent multineem treated IV instar. The size and 
shape of germarium is invariably affected; some are slender and tapering 
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anteriorly but some thickened in the middle region and not elongated as 
compared to control. Cells of prefollicular tissue are smaller but spindle in 
shape. They are oriented at right angle to axis and almost directed towards 
the tunica propria as in control. Pycnosis is not observed in these cells. Outer 
acellular epithelial sheath is obliterated and detached at certain parts of 
germarium. Tunica propria is almost intact and no change is occurred in this 
layer but at few areas is irregular. The trophocytes are not considerably 
affected. The cytoplasmic projections arising from the trophocytes have 
become irregular and spaces are also observed. Trophic core in the middle 
region of germarium is not as conspicuous as to that of proximal region. 
Trophic core looses its smoothness and becomes irregular in shape. While it 
is well developed at posterior part of germarium and sending trophic cords to 
the developing primary oocytes, which is probably for next reproductive cycle. 
Nucleus of the primary oocytes is lying in the centre and chromatin material is 
clumped. Cytoplasmic nutritive cord of the posterior part of germarium is 
compact and forming a solid mass in the untreated control, but in multineem 
treatment, it losts compactness and cytoplasmic fibres are separated with 
each other and in some cases spaces are developed. 
Vitellarium invariably consists of 7 or 8 oocytes at different stages of 
development. At distal part, 3 young oocytes are found which are in the 
previtellogenic phase. These young oocytes are of different in shape and size. 
Ooplasm is thick and condensed. The germinal vesicles are large, spherical 
and shifted from centre to lower side in the oocytes. Follicular epithelial cells 
are 2 or 3 layers thick, which enclose the young oocytes and the cells are not 
columnar in shape as has been observed in the untreated control. The 
nutritive cords are detached from young oocytes and obliterated at different 
places. Therefore, these oocytes did not attain their formal size. The cells of 
interfollicular epithelium are intimately associated with each other and forming 
a compact layer between the two oocytes. Tunica propria is irregular in the 
proximal part of vitellerium. While 4th young oocyte of this region is entered in 
vitellogenic phase. It size is increased and showing globules of extra ovarian 
yolk. This oocyte is also containing yolk from previtellogenic origin 
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accumulated at periphery, which is condensed and compact. The germinal 
vasicle moves downward. It is large in size and nucleoplasm is clumped and 
condensed. Due to this vacoule is developed at its anterolateral region. This 
oocyte is surrounded by a single layer of columnar epithelial cells. While some 
of them have 2 or 3 cells of follicular epithelium. In some of the ovarioles, 4th 
young oocyte is in the previtellogenic phase and did not progress significantly 
as compared to vitellogenic oocyte. Their ooplasm is condensed and germinal 
vesicle is shifted to posterior region of the oocyte. The interfollicular 
epithelium is conspicuous and made up of multi layered cells. Proximal part of 
vitellarium consists of 3 well-developed vitellogenic oocytes in most of the 
ovarioles in which yolk incorporation is probably completed. But in some 
ovarioles these three proximal oocytes did not receive enough yolk, therefore 
they do not progress as compared to other oocytes. The follicular epithelium 
is greatly stretched in those oocytes where vitellogenesis is completed. 
Follicular cells are much enlarged forming squamous shape, some of them 
are not. Villi of these cells are sharp and directed toward the ooplasm. It is a 
unicellular layer and the cells are binucleate and uninucleate. Nuclei of these 
cells are large located at the apices and directed towards the ooplasm. 
Chromatin material is highly dispersed which form a network in the 
nucleoplasm. Cytoplasm of these cells is vacuolated and containing certain 
endobodies. Outer most layer of epithelium and tunica propria is greatly 
stretched which form a very fine and thin layer around the proximal part of 
vitellarium. Interfollicular tissue is conspicuous and no change has occurred in 
this layer. 
B. Monocrotophos treatment: (Figure-34) 
4-day old females obtained from 0.004 percent of monocrotophos 
treated IV instar nymph showed that growth of ovariole is significantly affected 
and size of ovariole is reduced in comparison to that of control. The outer 
epithelial sheath became rough and irregular in shape as well as detached 
from different part of ovariole. While tunica propria slightly detach from 
germarium and vitellarium. The prefollicular cells of germarium are 
significantly affected and size of cell is reduced and pycnosis also occurred. 
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They are oriented at long axis of germarium. Trophocytes are also not well 
developed and loosely packed and a few of them are showing pycnosis. Both 
trophic core and cytoplasmic projections are highly disorganized as compared 
to that of control. At proximal part of germarium, where young oocytes are 
found for next reproductive cycle and they are well nourished by nutritive 
cords as have been observed in the untreated control ovary of D. koenigii but 
here neither primary or young oocytes nor nutritive cord observed. It shows 
that monocrotophos inhibited the development of oocytes for next cycle. 
The size of vitellarium is considerably reduced as compared to 
untreated control. The distal part of vitellarium consists of 3 developing 
oocytes and they do not attain their respective size as well as cytoplasmic 
cords are probably detached from them. These young oocytes are in the 
previtellogenic phase where the yolk is deposited by means of trophic core. 
Nucleus of oocyte, germinal vesicle is significantly smaller than the untreated 
control. Chromatin granules are condensed. Two layers of follicular cells 
surround these oocytes. These cells are reduced in size forming compact 
layer. Nuclei are shrunken and chromatin material is clumped. Interfollicular 
cells are atrophied and the layers of these cells are not conspicuous. It is also 
observed that developing oocytes are compressed against each other. This 
has resulted in the stretching of layer interfollicular tissue. Remaining four 
oocytes of proximal part of vitellarium also showing a number of changes that 
had occurred by monocrotophos. Yolk which is synthesized outside of the 
ovary is greatly impaired, therefore size of oocytes are not increased by 
incorporation of yolk as it was observed in the untreated control. Though 
follicular epithelium is stretched and their cells are atrophied neither columnar 
nor squamous and chromatin material is dense. The shape of cells is irregular 
and apices are not directed towards the ooplasm as it was observed in the 
untreated normal. Interfollicular cells are also highly disorganized and are 
compressed between the two oocytes. The germinal vesicle is found at the 
periphery of oocytes and the size is also reduced. Whole nucleoplasm is 
condensed and well-marked space is developed in the nucleus. In proximal 
part of vitellarium, generally vitellogenesis is completed in untreated control. 
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But in this treatment most of the oocytes of this part did not show the yolk 
contents as compared to control. The ooplasm is condensed and size of 
oocytes is also considerably reduced. 
C. oxydemeton-o-methyl treatment: (Figure-35) 
4-day old females obtained from 0.004 percent oxydemeton-o-methyl 
treated IV instars showing a number of degenerations of different magnitude 
in the germarium and vitellarium. The germarium did not develop as much as 
compared to untreated control. Acellular epithelial layer around the germarium 
are nearly smooth and intact. Tunica propria is also not affected significantly 
as compared to control but become irregular and detached from a few part of 
germarium. The layer consists of oval nuclei, which are distributed irregularly. 
Prefollicular cells of germarium are smaller in size and not very much directed 
towards the tunica propria. Shape of these cells is changed to a less spindle. 
The size of trophocytes is significantly reduced and a few of them are showing 
pycnosis. Trophic core did not considerably developed as compared to control 
though it occupies and forming central core. Cytoplasmic projections arising 
from the trophocytes are loose and irregular in shape. Only a few primary 
oocytes are found at the proximal part of germarium and connected by 
nutritive cords, which are fine in nature. The germinal vesicle is large and 
round in shape and chromatin material is clumped. Nucleoplasm is 
vacuolated. Chromosomes are forming a network and directed towards the 
base of germarium. 
The vitellarium consists of about seven or eight developing oocytes. 
Anteriorly, 3 young oocytes have lost their nutritive cords by which yolk is 
transported from the trophic core. The nutritive cords have become irregular in 
shape and found lying along the wall of vitellarium. However, germinal vesicle 
of young oocytes is not present in the centre but shift to lateral side. The 
chromatin material is highly dispersed forming a network. The third young 
oocyte attained its full size and may begins receiving the yolk of extra ovarian 
origin. The follicular cells which surround the young oocytes are highly 
irregular but not columnar in shape as it was found in untreated control. 
Follicular cells around the third young oocyte are columnar in shape but at a 
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few places they are detached. These cells are forming only a unicellular layer 
though in the untreated control it is 2 or 3 cell layer thick and spaces are also 
developed in cytoplasm. The interfollicular layer between the two young 
oocytes is obliterated and compressed as well as disorganized in such a way 
that gives an impression of mass of overlapping cells. At the proximal part of 
vitellarium where 3 or 4 oocytes are found in a successive stages of 
development. Extra ovarian yolk is being incorporated in these oocytes, but 
some of the ovarioles are showing that they did not receive extra ovarian yolk. 
Their ooplasm is thick and condensed and whatever yolk they received at 
earlier stage only contained inside the oocytes. Those oocytes received yolk 
grow normally but follicular cells around them are changed in shape and size. 
These cells are smaller as well as multilayered though in normal untreated 
these cells grow large and stretched to become squamous and most of them 
are binucleate and some of uninucleate. By the treatment of oxydemeton-o-
methyl nuclei of follicular cells did not divide amitotically, which showed 
uninucleate layer and nucleoplasm is dispersed and some of them are 
containing condensed nucleoplasm. The spaces are also developed in the 
cytoplasm of follicular epithelial cells. The villi of these cells are not as sharp 
as in the untreated control. 
The present findings demonstrate the impact of insecticides: 0.04 
percent multineem, 0.004 percent monocrotophos and oxydemeton-o-methyl 
on the histology of gonads i.e. ovary and testis of 4-day old adults of D. 
koenigii. Histological degenerations in ovary and testis caused by 
oxydemeton-o-methyl and monocrotophos were significantly more 
pronounced than multineem. Size of ovaries of 4-day old female obtained 
from IV instar treated with insecticides is reduced in comparison to that of 
control, but insignificant variation between the insecticides tested. Thus 
vitellogenesis is likely to be impaired by these insecticides. Generally, 
vitellogenesis begins on third day and continues on 4th and 5th day in D. 
koenigii (Jalaja and Prabhu, 1976). Although insects treated with azadirachtin 
have degenerate or improperly developed ovaries and fat bodies (Schulz and 
Schluter, 1984, Dorn et at, 1987a, Schluter, 1987). Most appropriate reason 
95 
for inhibition of ovarian growth is explained by Rembold et a/.(1984) that 
possible consequences of the interference of active principle with vitellogenin 
synthesis and/or with incorporation into oocytes either directly or indirectly 
through endocrine control. In untreated females of Locusta migratoria, juvenile 
hormone III titer in the haemolymph increased about 8 days after last moult 
and induced biosynthesis of vitellogenin in the fat body and consequently 
oogenesis. However, the injection of azadirachtin prevented juvenile hormone 
production and therefore also prevented vitellogenin synthesis and egg 
production. Dorn et al. (1987b) further confirmed the work of Sieber and 
Rembold (1983) that azadirachtin interferes with production and/or released of 
neurosecretory factor related to moulting and egg maturation. Reduction in 
size of ovary was obtained in C. capitata, D. dorsalis and D. cucurbitae when 
treated with tepa, (Gojrati and Keiser, 1974), in D. koenigii by TPT (Kaur et 
al., 1991), in D. cingulatus by 10ug tepa (Sukumar and Naidu, 1973), in D. 
cingulatus by apholate, metepa and tretamine (Jalaja and Prabhu, 1976) in E. 
fabae by thiotepa (Singh, 2002) and in D. koenigii by the application of 
extracts of Polyscias quilfoylei (Rajendran and Gopalan, 1985). 
Outer epithelial sheath is obliterated and detached from certain part of 
germarium while tunica propria is almost intact in the multineem treatment. 
The effect is greater caused by monocrotophos where epithelium become 
rough and irregular in shape and tunica propria detached from several places 
in germarium and vitellarium than oxydemeton-o-methyl. Cells of prefollicular 
tissue become smaller in size by multineem while pycnosis together with 
reduction in size of prefollicular cells were observed in the germarium by 
monocrotophos and oxydemeton-o-methyl treatment in the present study. In 
multineem the trophocytes are not considerably affected but cytoplasmic 
projections arising from the trophocytes have become irregular with spaces. 
Trophic core looses its smoothness in the middle part of germarium while well 
developed at posterior and sending their trophic cords to primary oocytes. 
While trophocytes become reduced in size, loosely packed and showing 
pycnosis by monocrotophos and oxyydemeton-o-methyl treatments. Trophic 
core and cytoplasmic projections are highly disorganized as compared to 
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multineem. Monocrotophos also inhibited the development of oocyte for next 
reproductive cycle but in the multineem and oxydemeton-o-methyl treatments 
primary oocytes are present along with their nutritive cords and the fibres of 
nutritive cord are separated with each other. The germinal vesicle containing 
clumped chromatin material and nucleoplasm is vacuolated. The ovaries of 4-
day old adult females obtained from multineem, monocrotophos and 
oxydemeton-o-methyl treated IV instar showed more or less alterations at 
cellular level but it is difficult to differentiate between treatments. Almost 
similar histological degenerations have been reported by a number of 
workers, where vacuolization within yolk, disported shape of oocyte nucleus 
and necrosis of follicular epithelium when M. pustulata was treated with sub 
lethal doses of SAN-322 and DDVP (Mulmule ef a/., 1988). Ahi (1988) 
injected aldrin to female adult of P. pictus and reported that vitellogenesis was 
arrested in most oocytes. Abnormal fragmentation of oocytes and follicular 
epithelial cells become degenerated and pycnotic. When female cockroach 
treated with sub-lethal concentrations of BHC and DDT arrested ovulation and 
vitellogenesis (Jain and Bhinde, 1990,1991). They also reported that BHC 
damages the fat bodies and adversely affected the developing ovaries with 
marked histopathological changes in the treated female of P. pictus. Severe 
degeneration and disruption of follicular epithelial sheath, necrosis of follicular 
epithelium and germ cells in ovary have occurred when D. rusticus treated 
with baytex (Raja ef a/.,2002). 
In distal part of vitellarium follicular epithelial cells are not columnar in 
shape and nutritive cord is detached from young oocyte thereby did not attain 
its formal size as compared to control in the present studies by topical 
application of insecticides. Cells of interfollicular epithelium forming a very 
compact layer between the oocytes. In vitellarium, 3 young previtellogenic 
oocytes are found and their ooplasm is condensed. The next one is 
vitellogenic oocyte. Whereas in certain ovarioles, vitellogenesis is completed 
in the most of proximal oocytes while some of them are in previtellogenic 
phase. Nucleoplasm of germinal vasicle is usually condensed so that vacuole 
is formed. Follicular cells around vitellogenic oocytes are greatly enlarged, 
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binucleate and-uninucleate and the chromatin material is highly dispersed and 
interfollicular tissue is conspicuous in multineem treatment. However, 
degeneration in distal part of vitellarium is greater in monocrotophos than 
other two treatments; germinal vasicles are smaller in size and their chromatin 
material condensed. Cells of follicular epithelium around the previtellogenic 
oocytes are reduced in size and not in columnar in shape. The nuclei 
shrunken and chromatin material clumped. Interfollicular cells atrophied. 
Proximal part of vitellarium consists of smaller oocytes because of yolk 
incorporation is impaired. Cells of follicular epithelium are atrophied and the 
shape is neither columnar nor squamous. The germinal vasicle is shifted to 
the periphery of oocyte and its size is also reduced. Both nucleoplasm and 
ooplasm are condensed and the size of these oocytes is also reduced. 
Oxydemeton-o-methyl caused more significant effect than other insecticides 
tested. In vitellarium, 3 young oocytes have lost their nutritive cords and 
became irregular. Chromatin material of germinal vasicle is clumped. 
Follicular cells around young oocytes are irregular and not columnar but 
around third oocyte, columnar in shape forming single layered. Interfollicular 
layer is obliterated and compressed. At proximal part of vitellarium vitellogenic 
oocytes are located but in certain ovarioles, previtellogenic oocytes are seen 
and their ooplasm is thick and condensed. The cells of follicular epithelium 
became smaller and vacuolated and multi layered but not squamous. The 
nuclei of these cells did not divide amitotically. 
A number of different types of histological alterations have been found 
in the ovary of different insects when treated with insecticides as well as neem 
formulations. Though insecticides caused greater degenerations than neem 
formulations containing azadirachtin and also depends on concentrations and 
time. It is known that azadirachtin inhibits both oogenesis and ovarian 
ecdysteroid synthesis so preventing oviposition (Rembold and Sieber, 1981). 
Severe ovarian damage, absorption of developing oocyte and some oocytes 
reached the stage of vitellogenesis and minimal amount of yolk deposited, 
permanent stoppage of oogenesis and inhibited ability of ovaries to sequester 
vitellogenin when adult E. varivestis fed on neem extracts (Schulz, 1981, 
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Schluter and Schulz, 1984). Azadirachtin also interferes with oogenesis and 
trophocytes get considerably damaged in trophorium of D. koenigii (Koul, 
1984). Dorn et a/.(1987a) concluded that all ovarioles do not produce mature 
eggs. Also younger oocytes were apparently arrested at an early stage of 
oogenesis. Several follicle cells showed sign of degenerations when O. 
fasciatus was treated with azadirachtin. It was further explained by them that 
trophic cells or young oocytes are more sensitive to neem than are developing 
embryos (Dorn et al. 1987b). In female of R. prolixus ingested azadirachtin 
blood meal reduced vitellogenin levels in both the haemolymph and the 
ovaries with a dose dependent reduction in the oocyte growth. 
Radiommunoassay result revealed that lower ecdysteroid titers in both 
haemolymph and ovaries (Feder et al. 1988). It was obtained by Tanzubil and 
McCaffery (1990) that azadirachtin exhibited reduced fecundity but not fertility 
due to a failure of many oocytes to mature in female of S. exempta which 
emerged from larvae topically treated with 0.01 and 0.1 ug azadirachtin. While 
Lowry and Isman (1996) reported reduced oocyte maturation in aphids 
caused by azadirachtin. Irreversible damage to ovary of C. capitata found by 
Di-ilio et a/.(1999) when treated with azatin. Extracts of Cassia fistula and E. 
globulus inhibited normal development of oocytes, follicular epithelial cells 
become very small and shrinkage in cytoplasm of D. koenigii (Verma, 2004). 
These results are almost similar in the present studies at 0.04 percent 
multineem. 
Histology of testis of 4-day old male {(Normal)(Figure-36)} 
The testis is ovoid, reddish in colour and sac like lying ventro-laterally 
in 5th and 6th abdominal segment surrounded by outer sheath i.e. tunica which 
is a peritoneal sheath and then a layer of epithelium, spongy in nature and cell 
boundaries are not distinct but the cytoplasm is vacuolated consisting of small 
cavities. It is bounded externally by a basement membrane. Each testis 
consists of seven testicular follicles. The epithelium of follicle is fibrillated in 
appearance and containing a large number of small nuclei. It serves for the 
storage of reserve material including fat. It runs within the testis from anterior 
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to posterior region. In D. koenigii the testis is red in colour and the coat is 
repository of the pigment granules. The distal most part of follicle is known as 
germarium. It contains closely packed numerous germ cells, and divide 
mitotically to produce primary spermatogonia. They are closely associated 
with each other and almost hexagonal in shape. The nuclei are oval or 
rounded and chromosomes are scattered. They are in active stage of division. 
The spermatogonia are probably obtaining nourishment from apical 
syncytium, which extends the cytoplasmic connections to individual 
spermatogonium. Later on the primary spermatogonium enclosed by a sheath 
as a cyst, which divide mitotically and then increased in size to become 
spermatocytes. 6 or 7 and some times more spermatocytes are seen 
enclosed in a chamber. Initially the spermatocytes are smaller in size as 
shown in figure, which are just below spermatogonia then those in the middle 
part of follicle the size of spermatocytes increased subsequently as well as 
the size of chamber also. As more cysts are produced at the anterior region of 
follicle, they displaced those, which have developed earlier so that the older 
cysts are pushed to posterior region of zone of growth and nearest to the 
zone of maturation and reduction. The spermatocytes consist of large 
granulated nuclei. Then each spermatocyte undergoes two meiotic divisions 
to form four spermatids. The spermatids are rounded in shape and cyst is 
already degenerated but still enclosed in a chamber as observed in the figure 
but it was also found that the wall of the chamber is degenerated and 
spermatids are set free. The most proximal part of follicle consists of 
spermatozoa. They are aggregated in a group and these groups or bundles 
are scattered into zones of transformation. The sperm bundles are also found 
to be closely associated with the wall of testis follicle as well as embedded in 
the fibrillated epithelium. 
HISTOPATHOLOGY OF TESTIS: 
A. Multineem treatment:(Figure-37) 
Testis of 4-day old male derived from 0.04 percent of multineem 
treated IV instar showed some histological degenerations but not significant. 
Tunica externa and then epithelial layer is almost intact and probably not 
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affected. Both layers are as identical as in control. Germ cells in the 
germarium did not show any degeneration as well as cytoplasmic connections 
are retained. The spermatogonia insignificantly affected but a few of them are 
showing clumping of chromatin materials as well as cytoplasm is vacuolated. 
In the zone of growth where spermatogonia divide mitotically and increase in 
size to become spermatocyte. The size of the spermatocytes decreased as 
compared to control. It was also observed that chromatin material in the nuclei 
of a few spermatocytes is condensed due to multineem treatment. Spermatids 
are so formed numerous in number and do not appear to be degenerated but 
scattered and their wall by which surrounded obliterated in certain parts. The 
spermatid then transformed to become spermatozoa. They are found in 
groups or in bundles and scattered in proximal parts of testis. Some of them 
are also closely associated with the testicular follicles. The epithelium of 
testicular follicle is fibrillated and shape of nuclei is same as in control. 
6. Monocrotophos treatment: (Figure-38) 
Testis obtained from survivor of 4-day old male derived from 0.004 
percent monocrotophos treated IV instar showed considerable histological 
degenerations. Tunica externa remained unaffected and spongy epithelium 
become irregular and more cavities are developed in comparison to that of 
control. Germ cells are not significantly affected but become very closely 
packed. Spermatogonia are in active stage and their chromosomes are 
dispersed. However, a few of them are showing clumping in their chromatin 
material thus stained dark. A number of changes occurred in the 
spermatocytes i.e. shape is changed from hexagonal to elliptical and oval and 
size is also reduced in comparison to control. Though they are in active state 
of division showing two nuclei in one cyst. Nuclei of a few spermatocytes are 
shrunken as well as condensed to become vacuolated and chromatin material 
is also clumped. The spermatocytes are enclosed in a chamber but number of 
spermatocytes in each chamber is decreased. The wall of chamber is 
obliterated and irregular at different parts. In the zone of transformation, 
spermatids are smaller in size, scattered and quite a few of them are 
sloughed off leaving behind their scare or space. The number of spermatid 
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formed declines by monocrotophos treatment. However, spermatid is 
enclosed in a lobe, which has a plasma membrane. The wall has become 
weak as compared to that of control. The sperms are formed but their number 
is quite less as compared to control. They are found aggregated at proximal 
part of testis. Some of the sperms are also free without bundle. The testicular 
follicle has become weak and showing a number of striations with irregular 
fibres. The nuclei of epithelium remained oval in shape as observed in the 
untreated control. 
C. oxydemeton-o-methyl treatment: (Figure-39) 
Histological changes occurred in the testis of 4-day old male derived 
from IV instar treated with 0.004 percent oxydemeton-o-methyl, which showed 
that the tunica externa is intact while spongy epithelial layer is showing more 
cavities than the control. Fibrillated testicular epithelium has become weak 
and looses its compactness. Nuclei are not affected and remain as spherical 
as in control. In germarium, a few nuclei of spermatogonia are having 
clumped chromatin material but most of them are in active state. In the zone 
of growth, the spermatocytes are increased in size and cytoplasm is highly 
fibrillar, showing a network. In some spermatocytes mitotic division has 
occurred producing two large nuclei but the cell membrane is not formed 
between the nuclei. In certain spermatocytes the mitotic division did not occur 
and their nuclei contain clumped chromatin materials as well as vacuoles are 
developed in their nucleoplasm. A number of degenerations are found in the 
zone of transformation. The spermatids are scattered and their number is 
decreased as compared to control. Some of them are degenerated leaving 
behind a space while some condensed and shrunken also. Formation of 
spermatozoa is presumably impaired and the number of sperm group or 
bundle is decreased significantly as compared to control. A few bundles of 
sperms are scattered at the proximal part of testis. 
In the present study showed monocrotophos caused significant 
degenerations as compared to oxydemeton-o-methyl and multineem on the 
testis of 4-day old male derived from treated IV instar. The germ cells are not 
severely affected but become very closely packed by the monocrotophos. 
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While unaffected by the oxydemeton-o-methyl and multineem. Clumping of 
chromatin material and vacuolization of cytoplasm of certain spermatogonia 
are also observed in germarium. The shape and size of spermatocytes is 
significantly affected but the degree of alterations is variable. Nuclei of certain 
spermatocytes are shrunken and chromatin material is clumped. The 
spermatids are not affected by the multineem treatment. However, the 
number and size of the spermatids are decreased by monocrotophos and 
oxydemeton-o-methyl, while oxydemeton-o-methyl causes degeneration 
leaving behind a space while some of them condensed and shrunken. The 
number of sperms produced was significantly less than the untreated and 
multineem treatment. Though the formation of sperm is probably impaired and 
a few sperm bundles are scattered in oxydemeton-o-methyl treatment while 
some of the sperms are free floating without any bundles. Fibrillated testicular 
epithelium become weak and looses its compactness by oxydemeton-o-
methyl than other insecticides tested. Therefore it is concluded that 
monocrotophos and oxydemeton-o-methyl are about equitoxic, causing 
almost same degree of degenerations on the cellular content of testis than 
multineem. 
Generally, insecticides exert both nucleotoxic and cytotoxic effect on 
the spermatocystic chromosomes, germ cells as well as differentiating germ 
cells showed pycnosis (Davis, 1968, Ahi, 1988). Although pycnosis is 
generally occurred by TPT, endosulfan and quinolphos (Kaur et a/., 1994), 
tepa (Maheswari et a/., 1981), apholate (Saxena and Vickram, 1969), C. 
fistula and E. globulus (Verma, 2004), apholate, busulfan, mannitol (Reinecke 
et a/., 1969). While germ cells are not affected in the present studies. 
Spermatogonia showed clumping of chromatin material and vacuolization of 
cytoplasm in the testis of D.koenigii. It was found that less effect was 
observed in multineem treatment and greater found in the oxydemeton-o-
methyl and monocrotophos treatment in the present studies. While tepa 
reduced the number of spermatogonia and spermatocytes and showed 
pycnotic nuclei (Maheswari et al. 1981). Moreover, complete inhibition of 
spermatogenesis, relative decrease in th number of testicular cyst and 
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spermatocyte and spermatid cyst were retarded and reduced size of sperm 
bundles (Paul et a/., 1991) by endosulfan and quinolphos. While Kaur et al. 
(1994) noticed cytoplasmic vacuolization and chromosomal clumping in 
spermatogonia and spermatocytes. Mitotic and maturation divisions were also 
suppressed. Spermatids become deformed and spermatogonia were liquefied 
by TPT. In the present studies, the number and size of spermatogonia 
considerably affected as well as spermatids are also decreased by 
monocrotophos and oxydemeton-o-methyl. It is also thought in present 
studies that zone of transformation is greatly influenced by the insecticides 
tested because fibrillated epithelium became weak and looses its 
compactness while, sperm bundles are scattered and reduced in number than 
untreated control. 
Abbreviations Used 
Bi. nu. Foil. Epth. Binucleate follicular epithelium 
Clum. Clumped 




GC Germ cells 
GV Germinal vasicle 
M.L.FolI.Epth. Mono layered follicular epithelium 
Mu. Foil. Epth. Multilayered follicular epithelium 
NC Nutritive cord 
nu. Nucleus 
Ooc. oocyte 
P. Foil. T Prefollicular tissue 
P.Ooc Primary oocyte 
PV Previtellogenic 
Py. Pycnotic 





TC Trophic core 
TE Tunica externa 
TP Tunica propria 
Trophc Trophocytes 
Ui. nu. Foil. Epth. Uninucleate follicular epithelium 
Y. Ooc Young oocyte 
Ydrl Yolk droplets 
Ylk. yolk 
Figure: 31 
A. Part of germarium showing trophic core, trophocytes, prefollicular tissue, 
tunica propria and tunica externa. (40X) 
B. Part of germarium showing tunica propria, tunica externa, and prefollicular 
tissue. (100X) 
C. Part of germarium showing trophocytes and trophic core. (100X) 
D. Part of germarium showing primary oocytes and cytoplasmic cords. (100X) 
E. Part of germarium showing young oocyte with large germinal vasicle and 
primary oocye. (100X) 











Fig. 31 (A-F). L.S. of ovary showing germarium of 4-day old D. koenigii (untreated) 
Figure: 32 
A. Part of vitellarium showing developing oocyte, yolk droplets and 3 layered of 
follicular epithelium. (10X) 
B. Enlarge part of a developing oocyte showing multilayered follicular epithelium 
and yolk droplets. (100X) 
C. Part of vitellarium in which oocyte is in higher stage of development showing 
binucleate follicular epithelium. (100X) 
D. Part of an oocyte snowing uninucleate and binucleate follicular epithelium. 
(100X) 
E. Part of an oocyte showing nuclei of follicular epithelium withdrawn a part. 
(100X) 
F. Part of a developed oocyte in which follicular epithelium is greatly stretched to 









Fig. 32 (A-F). L.S. of ovary showing vitellarium of 4-day old D. koenigii (untreated) 
Figure: 33 
A. Part of germarium and vitellarium showing changes in trophocytes, trophic 
core, young oocyte and previtellogenic oocyte. (10X) 
B. Part of germarium showing pycnotic trophocytes and disintegrated trophic 
core. (100X) 
C. Part of gemarium showing displaced young oocyte with clumped germinal 
vasicle. (100X) 
D. Distal part of vitellarium showing disintegrated nutritive cord. (100X) 
E. Distal part of vitellarium showing oocyte and detached nutritive cord. (100X) 
F. Distal part of vitellarium showing young oocyte consist of condensed 
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Fig. 33 (A-F). L.S. of ovary of 4-day old D.koenigii (derived from 
0.04 percent multineem treated IV instar) 
Figure: 34 
A. Part of germarium showing pycnosis and reduction in size of prefollicular 
tissue. (100X) 
B. Part of germarium showing reduction in size of trophocytes. (100X) 
C. Middle part of germarium showing disorganized trophic core and cytoplasmic 
cord. (100X) 
D. Middle part of vitellarium showing oocyte containing previtellogenic yolk and 
interfollicular cells are compressed. (100X) 
E. Middle part of vitellarium showing atrophied follicular epithelium and chromatin 
is condensed. Apices of these cells are not well marked. (100X) 
F. Proximal part of vitellarium showing tunica propria, tunica externa detached 
from several part. (100X) 
Epth. 
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Fig. 34 (A-F). L.S. of ovary of 4-day old D.koenigii (derived from 
0.004 percent monocrotophos treated IV instar) 
Figure: 35 
A. Middle part of germarium showing undeveloped trophic core and reduction in 
size of trophocytes. (100X) 
B. Proximal part of germarium showing young oocyte with germinal vasicle 
consist of vacoules. (100X) 
C. Proximal part of germarium showing young ooctye with pycnotic germinal 
vasicle. (100X) 
D. Distal part of vitellarium showing detached and disintegrated nutritive cord. 
(100X) 
E. Distal part of vitellarium showing previtellogenic yolk. (100X) 
F. Proximal part of vitellarium showing developed oocyte with detached and 






Fig. 35 (A-F). L.S. of ovary of 4-day old D.koenigii (derived from 
0.004 percent oxydemeton-o-methyl treated IV instar) 
Figure: 36 
A. Part of testis germarium showing spermatogonia. (100X) 
B. Part of testis showing spermatocytes. (100X) 
C. Part of maturation and reduction zone of testis showing early stage of 
spermatids. (100X) 
D. Part of maturation and reduction zone of testis showing late stage of 
spermatids. (100X) 
E. Part of transformation zone of testis showing fibrillated follicular epithelium and 
sperm bundles. (100X) 
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Fig. 36 (A-F). L.S. of testis of 4-day old D.koenigii (untreated) 
Figure: 37 
A. Part of testis showing a few pycnotic nuclei of spermatocytes. (100X) 
B. Part of testis showing disorganized and pycnotic spermatocytes. (100X) 
(C & D). Part of testis showing scattered spermatids. (100X) 
E. Part of testis showing spermatozoa. (100X) 
F. Part of testis showing sperm bundles. (100X) 
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Fig. 37 (A-F). L.S. of testis of 4-day old D. koenigii (derived from 
0.04 percent multineem treated IV instar) 
Figure: 38 
A. Part of testis showing spermatocytes, spermatids and fibrillated follicular 
epithelium. (10X) 
B. Part of testis showing tunica externa. (10X) 
C. Part of testis showing a few pycnotic nuclei of spermatogonia. (100X) 
D. Part of testis showing scattered spermatids. (100X) 
E. Part of testis showing nuclei of fibrillated follicular epithelium. (100X) 
F. Part of testis showing spermatozoa. (100X) 
Fig. 38 (A-F). L.S. of testis of 4-day old of D. koenigii (derived from 
0.004 percent monocrotophos treated IV instar) 
Figure: 39 
A. Part of testis showing spermatocyst, spermatids and fibrillated follicular 
epithelium. (10X) 
B. Part of testis showing germ cells. (100X) 
C. Part of testis showing some pycnotic spermatogonia. (100X) 
D. Part testis showing scattered spermatids. (100X) 
E. Part of testis showing nuclei of follicular tissue. (100X) 
F. Part of testis showing sperm bundles. (100X) 
NuJ\Fol.T 
Fig. 39 (A-F). L.S. of testis of 4-day old D. koenigii (derived from 
0.004 percent oxydemeton-o-methyl treated IV instar) 
CONCLUSION 
Dysdercus koenigii (Fabr.) (HeteropteraPyrrhocoridae) is widely 
distributed in India and is minor/sporadic pest of cotton crop in Punjab and 
Uttar Pradesh . It also feeds on okra, maize and pearl millet etc. The insects 
were maintained in a B.O.D. chamber at a temperature of 28±2°C and relative 
humidity of 70-80 percent and under long day (14L10D) photoperiod. A 
maximum of 35-40 adults were kept in a jar with sterilized sand on its bottom 
and provided water soacked cottonseeds as food. The eggs were laid by the 
females on the cottonseed or on moist sand and were collected in a 
petriplates. The food was changed daily while the jars were changed twice a 
week in order to maintain hygienic conditions. 
The present study is an attempt to understand the impact of synthetic 
insecticides and neem formulations on the biology of D. koenigii. Therefore, 
desired concentrations i.e. 0.01, 0.02 and 0.04 percent of multineem (8 EC) 
and neemjeevan (0.3 EC) and 0.001, 0.002 and 0.004 percent of imadacloprid 
(Confidor, 200 SL), monocrotophos (Hilcron, 36 SL) quinolphos (Byrusil, 25 
EC), and oxydemeton-o-methyl (Metasystox, 25 EC) were applied topically @ 
1ul/IV instar on the thoracic terga by means of a microapplicator. 
Multineem caused mortality in IV instar and delayed mortality in V 
instars also. 0.04 percent multineem was more effective than other 
concentrations tested. The longevity of treated IV instar is prolonged as well 
as increase in moulted V instar. Surviving females derived from treated IV 
instar laid 61.66, 51.55 and 37.66 eggs at 0.01, 0.02 and 0.04 percent 
concentrations respectively. Egg hatching was significantly less than control. 
Emerged adults derived from treated IV instar were significantly malformed 
except those treated with lower concentration. Multineem prolonged 
premating, pre-oviposition and oviposition periods and post oviposition period 
was significantly reduced. The longevity of surviving mated and unmated 
females was reduced and survival of males was also affected. 
The highest mortality of IV instar was at 0.04 percent of neemjeevan. 
The duration of IV and V instar was insignificantly enhanced. Adult 
emergence was not significantly decreased. The fecundity of surviving 
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individuals derived from treated IV instar was greatly affected. Fertility was 
significantly reduced at 0.04 and 0.01 percent concentrations. The highest 
number of deformed individuals was produced at 0.04 percent concentration. 
Premating period was insignificantly increased while preoviposition period 
was significantly reduced at 0.004 percent. Oviposition period was not 
affected significantly. The post-oviposition period was considerably reduced. 
The longevity of mated and unmated males and females reduced. 
0.004 percent of imidacloprid gave highest mortality of IV and V instars. 
The longevity of surviving individuals of IV and V instar was prolonged. 
Emergence of adults was found to be insignificant. Fecundity was 
considerably affected and the adult females laid significantly less number of 
eggs. Fertility was also significantly inhibited at higher concentrations than at 
lower. Malformations were high at 0.004 percent of imidacloprid. The 
premating, pre-oviposition and oviposition period is enhanced in individuals 
obtained from treated IV instar than the untreated. The post-oviposition period 
was significantly decreased. The longevity of mated and unmated females 
and males was considerably decreased. 
Total mortality of IV and V instars caused by 0.004 percent of 
monocrotophos was higher than 0.001 and 0.002 percent concentrations. The 
longevity of surviving IV and V instars was prolonged. Emerged adults were 
less in number as compared to untreated ones. The fecundity was statistically 
analyzed and found to be significant. Hatching was markedly reduced while 
malformed individuals were more in number at 0.004 percent concentration 
than other treatments. Premating and preoviposition period was reduced and 
oviposition period was prolonged, while, postoviposition period decreased. 
Longevity of mated males and females was significantly reduced. 
0.001,0.002 and 0.004 percent concentrations of quinolphos gave 
mortality of IV and delayed mortality in V instars. Longevity of the survivors of 
IV and V instars was slightly increased. Adult emergence was substantially 
reduced. The fecundity and fertility was also significantly reduced in females. 
Malformed individuals were also produced at different concentrations but 
0.004 percent produced higher number. Premating, preoviposition and 
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oviposition periods were substantially increased. While postoviposition period 
was significantly shortened. The longevity of mated and unmated females and 
males derived from treated IV instar was significantly decreased. 
Oxydemeton-o-methyl caused mortality in IV instar and delayed 
mortality obtained in V instar. The longevity of surviving nymph significantly 
increased in comparison to untreated control. The eggs per female was 
significantly decreased and hatching also. Highest malformed individuals were 
produced at 0.004 percent and the lowest at 0.001 percent concentration. The 
premating, preoviposition and oviposition periods were delayed and post-
oviposition period was significantly decreased. Longevity of mated males was 
significantly decreased whereas insignificant in unmated males. Longevity of 
mated and unmated females was significantly decreased. 
Efforts have also been made to study the quantitative estimation of 
protein of gonads obtained from treated IV instar to ascertain the effect of 
these insecticides at different age interval i.e 1-day, 4-day and 7-day old. The 
quantity of protein in multineem treatment was decreased in 1-day old female 
but insignificant. In 4-day old untreated female, total ovarian protein was 
increased to 42.855mg/100mg, while the inhibition of protein in treated one 
was insignificant. In 7-day old females the inhibition was also insignificant as 
compared to control. Almost same trend of inhibition was estimated in 
neemjeevan treatment. 
Ovary protein of survivors of 1-day old treated imidacloprid was 
partially affected. Almost insignificant inhibition was observed in 4-day old 
female. In 7-day old female 0.001 percent of insecticide caused significant 
inhibition of ovary protein but 0.002 and 0.004 percent did not. Ovary protein 
of 1, 4 and 7-day old females derived from IV instar treated with 0.001, 0.002 
and 0.004 percent concentrations of monocrotophos was significantly and 
insignificantly reduced. Two fold increase in the amount of ovary protein in 7-
day old untreated females was observed. 
0.001 and 0.002 percent of quinolphos did not cause significant 
inhibition of ovary protein in 1- and 4-day old females. In 7-day old female, the 
amount was significantly decreased at all concentrations. 0.004 percent of 
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oxydemeton-o-methyl was proved to inhibit the protein of ovary more 
significantly than other concentrations tested. Inhibition of ovary protein was 
significant in 4-day and 7-day old females. 
Testes protein of males derived from IV instars was more inhibited by 
synthetic insecticides than neem products at different age intervals. 
Multineem did not significantly inhibit the testis protein. The amount of testis 
protein decreased from 21.940 mg/100mg in 1-day old untreated control to 
14.443, 13.806 and 14.061 mg/100mg at 0.01, 0.02 and 0.04 percent 
concentrations respectively of neemjeevan. While 40.235 mg/100mg in 4-day 
untreated males and attained a peak i.e 46.305 mg/100mg in 7-day old males. 
0.004 percent of monocrotophos caused a significant inhibition of total protein 
in 1-day old males. Whereas, 4 and 7-day old males derived from IV instar 
treated with 0.001, 0.002 and 0.004 percent concentrations affected the level 
of protein adversely. Quinolphos seems to be most promising which 
significantly inhibited the amount of testis protein. In 1-day old females 
derived from quinolphos treated IV instar caused a significant reduction of 
testis protein. In 4-day old male derived from treated IV instar the testis 
protein was significantly reduced while it did not offer in 7-day old males. 
Males derived from oxydemeton-o-methyl treated with IV instar nymphs 
showed significant decrease in testis protein in comparison to untreated 
control. 
Efforts have been made in the present study to quantify the cholesterol 
at different age intervals in the ovary of surviving adult of D. koenigii derived 
from treated IV instar nymph for 0-day, 1-day, 2-day, 3-day, 4-day, 5-day and 
6-day old. In 0-day old female derived from 0.01, 0.02 and 0.04 percent 
concentration of multineem did not show marked inhibitory effect while, 
significant inhibition was recorded in the ovary of 1-day old and 2-day female. 
Whereas cholesterol was insignificantly decreased in 3-day old female. 0.04 
percent of multineem caused a marked reduction in the quantity of cholesterol 
than at 0.01 and 0.02 percent recorded in 4-day old female. In 5-day old 
females 0.04 percent of multineem gave significantly lesser amount of 
cholesterol whereas 6-day old female did not. In 0-day old females derived 
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from neemjeevan treated IV instar the ovarian cholesterol was statistically 
insignificant. A significant inhibitory effect at different concentrations of 
neemjeevan, was however obtained in 1-day, 2-day old females whereas in 3-
day old inhibition caused by the neemjeevan was insignificant. A significant 
inhibition was obtained in 4-day old females derived from 0.04 percent 
concentration. Inhibitory result caused by 0.04 percent concentration on 5-day 
and 6-day old was also found to be significant. 
0-day old females derived from IV instar treated with imidacloprid 
showed a significant decrease in ovarian cholesterol whereas 0.004 percent 
gave insignificant result. In 1-day and 2-day old the inhibitory effect caused by 
aforesaid concentrations are highly significant in relation to untreated control. 
In 3-day old untreated female the level of cholesterol was greatly increased in 
comparison to 0-day, 1-day and 2-day old females. While the total effect in 
cholesterol in 4-day old was statistically insignificant. A significant reduction in 
ovarian cholesterol was expressed in 5-day and a substantial in 6-day. Almost 
similar reduction obtained in monocrotophos treatment. Quinolphos was found 
to be highly effective causing a significant reduction in the level of ovary 
cholesterol in the female of D. koenigii derived from treated IV instar. A 
significant decrease in the quantity of ovary cholesterol was found in the 0-
day, 1-day, 2-day, 4-day old female. Insignificant inhibition was obtained on 3-
day and 5-day old females. Inhibitory effect caused by oxydemeton-o-methyl 
was significant in 0-day, 1-day, 2-day and 5-day old whereas insignificant 
result was observed in 3-day, 4-day and 6-day old females. 
Testes cholesterol of surviving males of different age intervals obtained 
from insecticide treated IV instar was estimated. Quantity of cholesterol in 
untreated adult was high at beginning of age and then decreased to 1.808 
mg/100mg and again increase to 3.488 mg/100mg in 4-day old male and then 
falls to 1.435 mg/100mg on 6-day. In 0-day, 1-day, 3-day and 4-day old 
males, the inhibitory effect caused by different concentration of multineem 
was not significant in comparison to control and considerably increase in 2-
day, 5-day and 6-day old males In 0-day, 1-day, 3-day and 4-day old males, 
the decrease was more with 0.04 percent concentration than that of 0.01 and 
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0.02 percent of neemjeevan. A highly significant decrease in the quantity of 
testes cholesterol was obtained in the 2-day, 5-day and 6-day old males. In 0-
day, 1-day, 3-day and 4-day old the inhibition of cholesterol was found to be 
insignificant when it was treated with imidacloprid. In 2-day, 5-day and 6-day 
old males, a highly significant reduction in cholesterol was obtained by 
monocrotophos treatment while in 0-day, 1-day and 4-day old males the level 
of cholesterol was not significant. In 2-day old males derived from 0.004 
percent concentration treated IV instar manifested a significant inhibitory 
effect in testis cholesterol while other concentrations didn't affect 
considerably. Inhibitory effect caused by quinolphos on the quantity of testis 
cholesterol was significant in 2-day, 5-day and 6-day old males derived from 
IV instar treated with different concentrations. Although reduction in the level 
of cholesterol also was obtained in the 0-day, 1-day, 3-day and 4-day old 
adults by quinolphos. Oxydemeton-o-methyl also significantly inhibited testes 
cholesterol in the males of 2-day, 5-day and 6-day old derived from IV instar 
treated with different concentrations. 0-day, 1-day, 3-day and 4-day old 
derived from IV instar treated with 0.001, 0.002 and 0.004 percent of 
oxydemeton-o-methyl the level of inhibition was not significant as compared to 
that of untreated males. 
Histopathology of reproductive organs of males and females of D. 
koenigii is also included in the present study in order to understand the 
degenerative changes occurred due to insecticides as well as neem 
formulations. Ovary of 4-day old female of D. koenigii is milky white and 
consists of seven telotrophic meroistic ovarioles. Each ovariole is composed 
of a terminal filament, germarium, vitellarium and pedicel. The ovariole is 
enclosed by an outer epithelial sheath and inner the tunica propria. The distal 
part of ovariole is germarium, which contains germ cells, trophocytes and 
prefollicular tissue. The central part is occupied by central core, trophic core to 
which trophocytes send finger like projections and lay down their nutritive 
components in to the trophic core. The posterior end of trophic core bears a 
number of cytoplasmic projections, the nutritive cords which extends to the 
developing oocytes. The prefollicular tissue consists of spindle- shaped cells 
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oriented with their long axis at right angles to the long axis of the ovariole. In 
vitellarium seven to eight oocytes are seen at various stages of development 
arranged according to maturity. The young oocytes gradually grow larger by 
incorporation of yolk and enclosed by 2-3 layers of follicular epithelium 
connected with nutritive cord to receive nutrition. It is a previtellogenic phase 
of oocyte when it leaves the distal part the nutritive cord is withdrawn. The 
nucleus of young oocyte, germinal vesicle is large in the previtellogenic phase 
whereas smaller in vitellogenic phase. The follicles are separated from each 
other by interfollicular tissue. 
Histological degenerations have occurred in the ovary of 4-day old 
adult females derived from 0.04 percent multineem treated IV instar. The size 
and shape of germarium is invariably affected. Cells of prefollicular tissue are 
smaller but spindle in shape. Pycnosis was not observed in these cells. 
Tunica propria was almost intact and no change occurred in this layer. 
Trophic core looses its smoothness and becomes irregular in shape. Nucleus 
of the primary oocytes lying in the centre and chromatin material remained 
clumped. Cytoplasmic nutritive cord in multineem treatment loses it 
compactness. In vitellarium, follicular epithelial cells are 2 or 3 layers thick, 
which enclose the young oocytes but the cells are no more columnar in shape 
as has been observed in the untreated control. The nutritive cords are 
detached from young oocytes. Ooplasm is thick and condensed. Tunica 
propria is irregular in the proximal part of vitellarium. Chromatin material is 
highly dispersed which form a network in the nucleoplasm. Cytoplasm of 
these cells is vacuolated and containing certain endobodies. 4-day adult 
females derived from 0.004 percent of monocrotophos treated IV instar 
showed that growth of ovariole is significantly affected and size of ovariole is 
reduced. Tunica propria is slightly detached from germarium and vitellarium. 
Trophocytes are also not well developed becoming loosely packed and a few 
of them show pycnosis. The size of vitellarium is considerably reduced as 
compared to untreated control. The distal part of vitellarium consists of 3 
developing oocytes and they do not attain their respective size as well as 
cytoplasmic cords are probably detached from them. Nucleus of oocyte, 
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germinal vesicle is significantly smaller than the untreated control. Chromatin 
granules are condensed. Yolk which is synthesized outside of the ovary is 
greatly impaired, therefore size of oocytes are not increased by incorporation 
of yolk. Though follicular epithelium is stretched and their cells are atrophied 
neither columnar nor squamous. Interfollicular cells are also highly 
disorganized and are compressed between the two oocytes. The female 
obtained from 0.004 percent oxydemeton-o-methyl treated IV instar showing a 
number of degenerations of different magnitude in the germarium and 
vitellarium. The germarium did not develop as much as compared to 
untreated control. The size of trophocytes is significantly reduced and a few of 
them are showing pycnosis. Only a few primary oocytes are found at the 
proximal part of germarium. The chromatin material is highly dispersed 
forming a network in vitellarium. The follicular cells which surround the young 
oocytes are highly irregular. The interfollicular layer between the two young 
oocytes is obliterated and compressed as well as disorganized in such a way 
that gives an impression of mass of overlapping cells. The ooplasm becomes 
thick and condensed. Nuclei of follicular cells didn't divide amitotically 
because of oxydemeton-o-methyl. 
4-day old male of D. koenigii consists of paired testis red in colour. 
Each testis is made up of seven testicular follicles. The epithelium of follicle is 
fibrillated in appearance. The distal most part of follicle is known as 
germarium contains germ cells, which divide mitotically to produce primary 
spermatogonia. Later on enclosed in a sheath as a cyst, which divide 
mitotically and then increased in size to become spermatocytes which 
undergo two mitotic divisions to produce four spermatids. These are 
transformed into spermatozoa in the zone of transformation where bundles 
are also formed. Testis of 4-day old adult male derived from 0.04 percent of 
multineem treated IV instar showed some histological degenerations but not 
significant. The spermatogonia insignificantly affected but a few of them 
showing clumping of chromatin materials as well as cytoplasm vacuolated. 
The size of the spermatocytes get decreased as compared to control. Testis 
obtained from survivor of 4-day old adult male derived from 0.004 percent 
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monocrotophos treated IV instar showed considerable histological 
degenerations. The spongy epithelium become irregular and more cavities are 
developed. Some of the spermatogonia showing their chromatin material are 
stained dark. A number of changes occurred in the spermatocytes i.e. shape 
is changed from hexagonal to elliptical and oval. The number of spermatids 
formed declined with monocrotophos treatment. The sperms are also formed 
but their number is quite less as compared to control. Histological changes 
occurred in the testis of 4-day old male obtained from IV instar treated with 
0.004 percent oxydemeton-o-methyl which showed that the tunica externa is 
intact while spongy epithelial layer is showing more cavities than the control. 
Fibrillated testicular epithelium becomes weak and looses its compactness. In 
germarium, a few nuclei of spermatogonia are having clumped chromatin 
material. In certain spermatocytes mitotic division did not occur and their 
nuclei contain clumped chromatin materials and vacuolated. Similarly a 
number of degenerative changes occurred in the zones of maturations and 
transformation; number of spermatids decreased and scattered, degenerated 
and shrunken. Number of sperm bundles decreased and sperms are freely 
floating in proximal part of testis. 
REFERENCES 
Abd-Elghafar, S. F. and Appel, A. G. (1992). Sub-lethal effects of insecticides 
on adult longevity and fecundity of German Cockroaches. 
(Dictyoptera:Blattellidae). J. Econ. Entomol., 85(5): 1809-1817. 
Abdel-Salam, F. A. and Nasr, F. A. (1968). The effect of some insecticides on 
the stages of Egyptian cotton leafworm, Prodenia litura Fabr. 
Z.Pflanzenkr. Pflanzenschutz, 75: 687-689. 
Adkisson, P. L. and Wellso, S. G. (1962). Effect of DDT poisoning on the 
longevity and fecundity of pink bollworm. J. Econ. Entomol., 55: 842-
845. 
Adler, V. E., Uebel, E. C. (1987). Effects of Morgosan-0 on six species of 
cockroaches (Orthoptera:Blatidae) and Blatellidae. Schmutterer, H. and 
K. R. S. Ascher, (eds.) In: Natural Pesticides from Neem Tree and 
other Tropical Plants. 387-392. Proc. 2nd Inter. Neem Conf. Nairobi, 
1986, Eschborn GTZ, Germany. 
Agarwal, H. C. and Rao, D. P. (1969). Variations in the neutral lipids of 
Dysdercus koenigii (Hemiptera) during its life cycle. J. Insect Physiol., 
15:161-166. 
Agarwal, I. L. and Mall, S. B. (1988). Studies on the insecticidal and 
antifeedant activity of some plant extracts on Bihar hairy caterpillar, 
Diacrisia obliqua walker (Lepidoptera:Arctidae). J. Appl. Ent, 105(5): 
529-532. 
Aguda, R. M., Rombach, M. C. and Shepard, B. M. (1986). Effect of neem oil 
on germination and sporulation of entomogeneous fungus. 
Metaniiizium anisopliae., Ind. Rice Res. Newl., 11: 34-35. 
Ahi, J. (198.8). Histopathological effects of aldrin on the gonads of the adult 
Poekilocerus pictus (Fabr.) Orthoptera:Acrididae. J. Envi. Biol., 9(2): 
173-182. 
Ahmad, I. (1979). Quantitative effects of HMAC,1,6-Hexamethlene BIS=(1-
Aziridine carboxamide) on sterility of Dysdercus cingulatus Fabr. Curr. 
Sci., 48(10): 464-465. 
Ahmad, M. (1990). Evaluation of sterility effects of some organic sulphur and 
organic steroidal compounds against Dysdercus cingulatus Fabr. Ind. 
J. Ent, 52(2): 206-208. 
Anonymous (1989). Technology for increasing cotton production in India, 
CICR, Regional Station. Coimbatore. 
Anonymous (1995). All India Coordinated Cotton Research Project Report. 
Ansari, I. A. (2000). Effect of biocides (Neem extracts) on the biology, 
behavour and reproductive organs of Diacracia {Spilosoma) obliqua 
Walker (Lepidoptera:Arctidae) a pest of agricultural crops. Ph.D. 
Thesis, Muslim Univ., Aligarh, India. 
Arora, R. K., Kalra, V. K. and Rohilla, H. R. (2003). Toxicity of some new and 
conventional insecticides to diamondback moth, Plutella xylostella. Ind. 
J. Ent, 65(1): 43-48. 
Ascher, K. R. S. (1981). Some physical (solubility) properties and biological 
(sterilant for Epilachna vahvestis females) effects of a dried methanolic 
114 
neem {Azadirachta indica) seed kernel extract, pp.63-74. In Rembold 
H. proc. 1stIntern. Neem Conf., Rottach-Egern, 1980 Eschborn, 
Germany. 
Ascher, K. R. S., Eliahu, M., Neemny, N. E. and Meisner, J. (1984). Neem 
seed kernel extract as an inhibitor of growth and fecundity in 
Spodoptera littoralis. Pp. 331-344. In: Natural Pesticides from Neem 
Tree and other Tropical Plants, (eds.) Schmutterer, H. and Ascher, K. 
R. S. Proc. 2nd Inter. Conf. Rauischhlozhausen 1983, Eschborn GTZ. 
Awasthi, J. K. and Dubey, S. K. (1995). Histopathological effect of two 
organophosphates on the digestive tract of Mylabris phalerata (Pallas) 
(Coleoptera:Meloidae). Ind. J. Ent, 57(1): 36-42. 
Bajwa, G.A. and Zimmerman, G. (1997). Efficacy of Azadirachta indica A. 
Juss (neem) against larvae of Lymantria dispar Linn, (gypsy moth) in 
the laboratory. Pak. J.Forestry, 1997, publ. 1999, 47:1-4, 23-28. 
Ball, H. J. and Su, P. P. (1972). Effect of sub-lethal dosages of carbofuran 
and carbaryl on fecundity and longevity of the western corn rootworm. 
J.Econ. Entomoi, 72: 873-876. 
Bariola, L. A. and Lindquist, D. A. (1970). Longevity and fecundity of boll 
weevils exposed to sub-lethal closes of systemic insecticides. J. Econ. 
Entomoi, 63(2):527-530. 
Barnby, M. A. and Klocke, J. E. (1987). Effect of azadirachtin on the nutrition 
and development of the tobacco budworm, Heliothis virescens (Fabr.) 
J. Insect Physiol., 33: 69-75. 
Barnby, M. A., Yamasaki, R. B. and Klocke, J. A. (1989). Biological activity of 
azadirachtin, three derivatives and their ultraviolet radiation 
degradation products against tobacco budworm 
(Lepidoptera:Noctuidae) larvae. J. Econ. Entomoi.,82:58-63. 
Barney, R. J. and Pass, B. C. (1987). Influence of no-tillage planting on 
foliage inhabiting arthropods of alfalfa in kentucky. J. Econ. Entomoi., 
80:1288-1290. 
Barton-Browne, L., Van Germen, A. CM. and Williams, K. L. (1979). Oocyte 
resorption during ovarian development in blowfly, Lucilia cuprina. J. 
Insect Physiol., 25: 147-153. 
Benozzati, M. L. and Basil, R. (1978). Studies on the protein composition and 
synthesis in the ovary of Rhynchosciara americana (Diptera:Sciaridae). 
Experientia, 34:177-179. 
Bhagwan, C. N., Reddy, K. D. and Sukumar, K. (1992). Annona induced 
growth anamolies and protein depletion in red cotton bug, Dysdercus 
koenigii. Ind. J. Exp. Biol., 30: 908-912. 
Bharathi, D. and Govinddappa, S. (1987a). Effect of carbaryl on the organic 
constituents in the gut region of the blister beetle Mylabris pustulata. 
Envi.Ecoi, 5(1): 56-59. 
Bharathi, D. and Govinddappa, S. (1987b). Effect of carbaryl on the organic 
constituents of haemolymph of blister beetle Mylabris pustulata. Envi. 
Ecoi, 5(1): 65-70. 
115 
Bhathal, S. S. and Singh, D. (1993). Toxic developmental and reproductive 
effects of AZT-VR-K and some neem products against mustard aphid, 
Lipaphis erysimi (Kaltenbach). World Neem Conf. India pp. 287-295. 
Bhuya, S. P. and Dash, N. (1976). Effect of systemic insecticides, dimethion 
on spermatocytic chromosome of short horned grasshopper, 
Poekilocerus pictus. Science Cult, 42: 571-573. 
Bidman, H. J., Kauser, G., Mobus, P. and Koolman, J. (1987). Effect of 
azadirachtin on blowfly larvae and pupae. In: Proc. 3d Inter. Neem 
Conf. (eds. Schmutterer, H. and Ascher, K. R. S.) pp. 232-272, GTZ 
Eschborn, Germany. 
Bloor, W. R., Pelkan, K. F. and Allen, D. M. (1922). Determination of fatty 
acids and cholesterol in small amount of blood plasma. J. Biol. Chem., 
52:191-205. 
Brennan, M. D., Weiner, A. J., Goraiske, T. J. and Mahowald, A. P. (1982). 
The follicle cells are a major site of vitellogenin synthesis in the 
Drosophila melanogaster. Dev. Biol., 89: 225-236. 
Broughton, H. B., Ley, S. V., Slawin, A. M. Z., Williams, D. J. and Morgan, E. 
D. (1986). X-ray crystallographic structure determination of 
detigloyldihdroazadirachtin and reassignment of the structure of the 
limonoid insect antifeedant azadirachtin. J. Chem. Soc. Chem.Comm., 
46-47. 
Brown, A. W. A. (1963). Chemical injuries, pp. 65-163. In E. A. Steinhaus 
(ed.) in Insect Pathology, An advanced treatise. 1. Academic Press, 
New York. 
Browns, M. (1986). Expression of the genes coding for vitellogenin (yolk 
protein). Ann. Rev. Ent, 31: 507-531. 
Brunt, A. M. (1971). The histoloy of the first batch of eggs and their associated 
tissues in the ovariole of Dysdercus fasciatus. Signoret 
(Heteroptera:Pyrrhocoridae) as seen with light microscope. J. 
Mo/pho/., 134: 105-130. 
Buhlmann, G. (1976). Heamolymph vitellogenin juvenile hormone and oocyte 
growth in the adult cockroach, Nauphaeta cinerea during first 
preoviposition period. J. Insect Physiol., 22:1101-1110. 
Butterworth, J. H. and Morgan, E. D. (1968). Isolation of substance that 
suppresses feeding in locust. Chem. Comm., 23-24. 
Butterworth, J. H. and Morgan, E. D. (1971). Investigation of the locust 
feeding inhibition of the seeds of neem tree Azadirachta indica. J. 
Insect Phsiol., 17:969-977. 
Butterworth, J. H., Morgan, E. D. and Percy, G. R. (1972). The structure of 
azadiractin: the fuctional groups. J. Chem. Soc, Perkin Trans. 1: 2445-
2450. 
Casida, J. E., Beck, S. D. and Cole, M. J. (1957). Sterol mechanism in the 
American cockroach. J. Biol. Chem., 224: 365-371. 
Chapman, R. F. (1985). The Insects, Structure and Functions. English 
Language Book Society/Hodder & Stoughton, UK. 
116 
Charlet, M., Goltzene, F. and Hoffmann, J. A. (1979). Experimental evidence 
for a neuroendocrine control of ecdysone biosynthesis in adult females 
of Locusta migratoria. J. Insect Physiol., 25: 463-466. 
Chellayan, S. and Karnavar, G. K. (1990). Influence of neem kernel extract on 
morphogenesis and vitellogenic oocyte development in Trogo derma 
gramarium Everts. Proc. Indian Acad. Sci., 99:113-118. 
Clark, A. J. and Bloch, K. (1959a). Functions of sterols in Dermestes vulpinus. 
J. Biol. Chem., 234: 2583-2588. 
Clark, A. J. and Bloch, K. (1959b). Conversion of ergosterol to 22-
dehydrocholesterol in Blattella germanica. J. Biol. Chem., 234: 2589-
2594. 
Clarke, J. M. and Smith, M. J. (1966). Increase in the rate of protein synthesis 
with age in Drosophila subobscura. Natue, London. 209: 627-629. 
Clayton, R. B. (1964). The utilization of sterols in the Dermestes vulpinus. J. 
Biol. Chem., 234: 2583-2588. 
Clayton, R. B. and Edwards, A. M. (1961). The essential cholesterol 
requirement of the roach, Eurycotis floridana. Biochem. Biophys. Res. 
Comm., 6:281-284. 
Clift, A. D. and MC-Donald, F. J. D. (1976). Some relationship between diet 
and ovarian development in Lucilia cuprina (Wied.) 
(Diptera:Calliphoridae). Aus. J. Zooi, 24: 87-93. 
Conney, A. H., Welch, R. H., Kuntzman, R. and Burns, J. J. (1966). Effect of 
pesticides on drug and steroid metabolism. Clin. Phannacol. Then, 8:2-
10. 
Dadd, R. H. (1963). Feeding behaviour and nutrition in grasshoppers and 
locusts, pp. 47-69. In: J. W. L. Beament, J. E. Treherne and V. B. 
Wingglesworth. [eds.] Advances in Insect Physiology, Vol. I. Academic 
Press, London and New York. 
Dadd, R. H. (1973). Insect nutrition: current developments and metabolic 
implications. A. Rev. Ent., 18: 381-420. 
Datta, C, Dasgupta, J. G. and Sengupta, D. (1994). Interaction of 
organophosphorous insecticides phosphamidon and malathion on lipid 
profile and acetylcholinesterase activity in human erythrocyte 
membrane. Ind. J. Med. Res., 100: 87-94. 
David, S. K. (1991). Handbook of histological and histopathological 
techniques. CBS, Publishers Delhi. 
Davis, F. M. (1968). Morphology of the reproductive system of the South 
Western corn borer, Diatraea grandiosella. Annl. Ent. Soc Ameri., 
61:1143-1147. 
Dethier, V. G. (1962). Behavioral aspects of protein ingestion by the blowfly, 
Phormia regina Meigen. Biol. Bull., 121: 456-470. 
de-Wilde, J. and de-Loof, A. (1973). Reproduction endocrine control. In: "The 
Physiology of Insecta" 2nd edition (M. Rockstein, ed.) vol. I, pp. 97-158 
Academic Press, New York. 
Dhawan, A. K. (1998). Integrated pest management in cotton: Status of 
different management options and future perspective. Pestology 
22:21-33. 
117 
Dhawan, A. K., Sidhu, A. S. and Simwat, G. S. (1998). Assesement of 
avoidable loss in cotton (G. Hirsutum & G. arboreum) due sucking pest 
and bollworms. Ind. J. Agric. Sci., 58: 290-292. 
Dhillon, S. S., Kaur, S. P. and Sidhu, D. S. (1983). Lipid distribution in the 
tissues of Mylabris pustulata. Thumb. (Insecta). Bull. Pure Appl. Sci., 
2(A): 17-24. 
Di-ilio, V., Cristofaro, M., Marchini, D., Paola, N. and Dallai, R. (1999). Effects 
of a neem compound on the fecundity and longevity of Ceratitis 
capitata (Diptera:Tephritidae). J. Econ. Entomol., 92: 76-82. 
Dimetry, N. Z. and El-Hawary Fatima, M. A. (1995). Neem Azal F as an 
inhibitor of growth and reproduction in cowpea aphid Aphis craccivora 
Koch. J. Appl. Ent, 119: 67-71. 
Dinan, L. N. and Rees, H. H. (1981). Incorporation in vivo of [4-14C] 
cholesterol into the conjugated ecdysteroid in ovaries and eggs of 
Schistocerca gregaria. Insect Biochem., 11: 255-265. 
Domov, G. and Kaloyanova, F. (1967). Carbohydrate metabolism disorders in 
the liver and muscles in acute parathion poisonings. C. R. Acad. Bulg. 
Sci., 20: 1007-1009. 
Dorn, A., Rademacher J. M. and Sehn, E. (1987a). Effects of azadirachtin on 
reproductive organs and fertility in the large milkweed bug, Oncopeltus 
fasciatus, pp. 273-288. In H. Schmutterer and K. R. S. Ascher {Eds.}, 
Natural Pesticides from the Neem Tree (Azadirachta indica A. Juss.) 
and other tropical plants. Proc. Winter. Neem Conf. Nairobi, Kenya, 
1986. GTZ, Eschborn, Germany. 
Dorn, A., Rademacher, J. M. and Sehn, F. (1987b). Effect of azadirachtin on 
the moulting cycle, endocrine system and ovaries in last instar larvae of 
the milk weed bug, Oncopeltus fasciatus. J. Insect. Physiol., 32: 231-
238. 
Dumser, J. B. And Davey, K. G. (1975). The Rrhodinus testis hormones 
differentiation of germ cells and duration of the moulting cycle. Cana. J. 
Zool., 52: 1682-1689. 
Eddy, G. W. (1951). Toxicity of some organic insecticides to screw worm 
larvae. J. Econ. Entomol., 44: 254. 
El-Arnaouty, S.A., Eweis, E.A. and Marei, S.S. (2003). Biochemical and 
toxicological studies on the efficacy of certain mineral oils, neem 
extract and pirimicarb against Aphis craccivora Koch, and their side 
effects on the natural enemy, Chrysoperla carnea Steph. Bull. Fac. 
Agric. Cairo Univ., 54:1,127-140 
Engelmann, F. (1970). The Physiology of Insect Reproduction, Pergamon, 
Press, Oxford. 
Essac, E. G., El-Gogary, S., Abdel-Fateh, M. S. and Ali, A. M. (1972). Effect 
of carbaryl, methyl parathion and dieldrin on egg production and 
percent pupation of the Egyptian cotton leafworm, Spodoptera littoralis 
(Boisd.) Z. Angew. Entomol., 71: 263-270. 
Fakhri, M. S. A. and Murad, N. (2002). Effect of ecofriendly insecticides on the 
reproductive biology of Dysdercus koenigii Fabr. 
118 
(Hemiptera:Pyrrhocoridae), a pest of agricultural crop. J. Ent. Res., 
26(2): 117-124. 
Fast, P. G. (1964). Insect Lipids. A review. Mem. Ent. Soc. Cana., 34: 1-50. 
Feder, D., Valle, D., Rembold, H. and Gracia, E. S. (1988). Azadirachtin 
induced sterilization in mature females of Rhodnius prolixus. Z. 
Naturforsch 43c, 908-913. 
Folch, J., Lees, M. and Sloane-Stanley, G. H. (1957). A simple method for the 
isolation and purification of total lipids from animal tissues. J. Biol. 
Chem., 226: 497-509. 
Friedel, T. and Gillott, C. (1976). Male accessory gland substance of 
Melanoplus sanguinipes: An oviposition stimulant under control of 
corpus allatum. J. Insect Physiol., 22: 489-495. 
Furkushima, T. and Yagi, S. (1975). Hormonal effect on cultivated insect 
tissue. III. Effects of a and B ecdysone or prothoracic glands on 
spermatogenesis in two noctuid insect in vitro. Appl. Entomol. Zool., 
10: 220-225. * 
Galbraith, M. N., Horn, D. H. S. and Middleton, E. J. (1970). The biosynthesis 
of ecdysone in blowfly, Calliphora stygia. J. Chem. Soc. Chem. Comm., 
179-180. 
Gelti-Douka, H., Gingeras, T. R. and Kambysellis, M. P. (1974). Yolk protein 
in Drosophila. Identification and site of synthesis. J. Exp. Zool., 187: 
167-172. 
George, E. P. J. and Ambrose, D. P. (1999). Biochemical modulations by 
insecticides in a non-target harpectorine reduviid Rhynocoris kumarii 
Ambrose and Livingstone (Heteroptera:Reduviidae).E/7to/r?on, 24(1): 
61-66. 
Georghiou, G. P. (1965). Effect of carbamates on housefly fecundity, longevity 
and food intake. J. Econ. Entomol., 58: 58-62. 
Georgiou, G. P. (1990). Overview of insecticides resistance. In, M. B. Green 
H. M. Lc Baron and W. K. eds., Managing Resistance to 
Agrochemicals: From Fundamental Research to Practical Strategies. 
ACS symp. Ser.,421: Ameri. Chem. Soc, Washington D. C, 18-41. 
Gibert, L. T., Bollenbacher, W. E. and Granger, N. A. (1980). Insect 
endocrinology: regulation of endocrine glands, hormone titre, and 
hormone metabolism. Annl. Rev. Morphol., 42: 493-510. 
Gilbert, L. I. (1967). Lipid metabolism and function in insects, pp. 70-208. In: 
J. W. L. Beament, J. E. Treheme and V. B. Wingglesworth. [eds.] 
Advances in Insect Physiology, Vol. I. Academic Press, London and 
New York. 
Gilbert, L. I., Goodman, W. and Bollenbacher, W. E. (1977). Biochemistry of 
regulatory lipids and sterols in insects. Inter. Rev. Biochem. 
Biochemistry of lipids, II (Goodwin, T. W. ed.), 14: 1-50. 
Gilmour, D. (1961). Biochemistry of Insects. Academic Press, London and 
New York. Pp. 32-36. 
Gojrati, H. A. Nawab and keiser, I. (1974). Spermatogenesis and oogenesis of 
Ceratitis capitata Wiedemann, Dacus dorsalis Hendel and Dacus 
cucurbitae Coquillett when sexually sterilized with tepa after adult 
119 
emergence. In: Sterility Priciples for Insects Control. Proc. Symp. 
Jointly organized by FAO and IAEA: 325-328. 
Goldsmith, E. D. and Frank, I. (1952). Sterility in the female fruit flies, 
Drosophila melanogaster produced by the feeding of folic acid 
antagonist. Ameh. J. Physiol., 171(3): 726-727. 
Goldsmith, E. D., Brandt, T. E. and Harnly, H. M. (1948). Folic acid 
antagonists and the development of Drosophila melanogaster. Anal 
Rec, 101(4): 93. 
Goltzene, F. (1977). Contribution a etude de 1' ovogenese chez Locusta 
migratoria L. (Orthoptera). Thesis, University of Strasburg. 
Goltzene, F., Lagueux, M., Charlet, M. and Hoffmann, J. A. (1978). The follicle 
cell epithelium of maturing ovaries of Locusta migratoria: a new 
biosynthetic tissue for ecdysone. Hoppe Seyler's Z. Physiol. Chem., 
359: 1427-1434. 
Goodfellow, R. D. and Gilbert, L. I. (1963). Sterols and terpenes in the 
Cercopia silkmoth. Ameri. Zool., 3: 508-510. 
Goodfellow, R. D., Barnes, F. J. and Graham, W. J. (1971). Dietary sterols 
effects on malalonate kinase activity in axenic and non axenic 
Sarcophaga bullata. J. Insect. Physiol., 17:1625-1635. 
Gracia, E. H., Uhl, M. and Rembold, H. (1986). Azadirachtin a chemical probe 
for the study of moulting process in Rhodinus prolixus. Z. Nature, 41: 
771-775. 
Grosch, D. S. (1963). Insect fecundity and fertility: chemically induced 
decrease. Science, 141(3582): 732-733. 
Gujar, G, T. and Mehrotra, K. N. (1983). Inhibition of growth and development 
of tobacco caterpillar Spodoptera litura F. due to azadirachtin and other 
neem products. Ind. J. Ent, 45: 431-435. 
Gujar, G. T. and Mehrotra, K. N. (1990). Toxicity and morphogenetic effects of 
neem oil on the red cotton bug, Dysdercus koenigii F. Proc. Symp. 
Botanical Pesticides in IPM, Rajahmundry, pp. 217-224. 
Gupta, G. P., Kundu, S. K. and Sharma, K. (1997) Effect of RD-9 replin on 
growth and development of red cotton bug, Dysdercus koenigii. Ind. J. 
Ent* 59(1): 54-58. 
Gupta, S. (1988). Effect of azadirachtin on the proteins and nucleic acid of 
Spodoptera litura (Fabr.). Ph. D. Thesis IARI, New Delhi. 
Hagedorn, H. H., Shapiro, J. P. and Hanaoka, K. (1974). Ovarian ecdysone 
secreation is controlled by a brain hormone in an adult mosquito. 
Nature 282: 92-94. 
Hamilton," R. L and Schal, C. (1990). Sub-lethal effects of chlorpyrifosmethyl 
on reproduction in female German cockroaches 
(Dictyoptera:Blattellidae). J. Econ. Entomol., 83: 441-443. 
Hanaoka, K. and Hagedorn, H. H. (1980). Brain hormone control of ecdysone 
secretion by the ovary in a mosquito. In: Progress in Ecdysone 
Research. Edited by J. A. Hoffmann, pp 467-480. Elsevier North 
Holland Biomedical Press, Amsterdam. 
Handels, E. V. (1976). The chemistry of egg maturation in the unfed mosquito, 
Aedes atropalpus. J. Insect Physiol., 22: 521-522. 
120 
Harrington, J. W. (1961). Studies on the amino acids of Rhodnius prolixus I. 
Analysis of haemolymph. Parasitology, 51: 309-318. 
Heyde, V. D. J., Saxena, R. C. and Schmutterer, H. (1984). Neem oil and 
neem extracts as potential insecticides for control of hemipterous rice 
pests. In: Natural Pesticides from the Neem Tree and other Tropical 
Plants. 387-392. Proc. 2nd Inter. Neem Conf. Nairobi, 1986, Eschborn 
GTZ, Germany. Pp.377-390. 
Highnan, K. C. and Hill, W. B. (1977). JH induces ovarian development in 
diapausing cave-dwelling Drosophila species. J. Insect physiol., 
20:1779-1786. 
Hobson, R. P. (1935). On a fat soluble growth factor required by blowfly 
larvae. II. Identity of the growth factor with cholesterol. Boichem. J., 29: 
2023-2026. 
Hoelmer, K.A., Osborne, L.S. and Yokomi, R.K. (1990). Effects of neem 
extract on beneficial insects in greenhouse culture, pp 100-105. In J.C. 
Locke and R.H. Lawson [eds], Neem's potential in pest management 
programs, Proc. USDA Neem Workshop, United States Department of 
Agriculture. 
Hoffmann, J. A., Lagueux, M., Hetro, C, Charlet, M. and Goltzene, F. (1980). 
Ecdysone in reproductively competent female adults and in embryos of 
insects. In: Progress in Ecdysone Research. Edited by J. A. Hoffmann, 
pp 431-465. Elsevier North Holland biomedical Press, Amsterdam. 
Iftekhar, B. (1981). Ecology of myiasis producing fly, Chysomyia defixa 
together with a study of its sensitivity to chemical toxicants. Ph. D. 
Thesis, Muslim Univ. Aligarh, India. 
Islam, F. Hassan, M., Rizvi, R. and Usman, S. N. (1980). Microanalysis of 
lipids in discrete brain areas of the rabbit following intramuscular 
administration of steriod contraceptive. Contraception,21: 433-509. 
Jain, k. and Bhinde, M. (1990). Comparative studies of ovarian histopathology 
and the moulting behaviour of Periplaneta americana Linn. 
(Orthoptera) treated with sublethal concentrations of BHC and DDT. 
Folia Morphol. (Praha), 38(4): 344-351. 
Jain, K. and Bhinde, M. (1991). BHC as a xenobiotic, showing 
histopathological changes in the developing ovaries and variability of 
the behavior of Poekilocerus pictus. Func. Dev. Morphol., 1(3): 3-7. 
Jaiswal, A. K. and Srivastava, U. S. (1993). Morphogenetic effects of a 
juvenoid active component from Blumea lacciniata. Roxb. on the ovary 
oWysdercus cingulatus Fabr. J. Ent. Res., 17(4): 309-312. 
Jalaja, M. and Prabhu, V. K. K. (1976). Effect of the chemosterilants apholate 
and metepa on the ovaries of the red cotton bug, Dysdercus cingulatus 
Fabr. (lnsecta:Heteroptera:Pyrrhocoridae). Entomon, 1(1): 43-53. 
Jangara, S. S. and Jaglan, R. S. (1997). Relative toxicity of synthetic 
pyrethroids alone and in combination with neemguard against 
Drosophila melanogaster. Shashpa, 4(1): 81-83. 
Jayaraj, S. (1993). Neem in pest control: Progress and Prospectives. 
(Sovenier). World Neem Conf., Bangalore, pp.37-43, Indian Tobacco 
Company, Culcutta. 
121 
Jayaraj, S., Bharathi, M. and Sundra Babu, P. C. (1993). Integrated pest 
management, pp. 154-167. In: Neem Research and Decelopment. SPS 
Publication No. 3 ed. By Randhawa, N. S. and Paramar, B. S. Society 
of pesticide science, India. 
Joshi, B. G., Ramaprasad, G. and Sitaramaiah, S. (1982). Effect of neem 
seed kernel suspension on Telenomous remus, an egg parasite of 
Spodoptera litura, Phytoparasitica, 10: 61-63. 
Kairon, M. S. (1996). Cotton research need for the 21s t century. In National 
seminar on century of cotton production on India (Souvenir) GAU, 
Surat, India, pp.181-185. 
Kalz, M., Budowski, P. and Bondl, A. (1971). The effects of phytosterols on 
the growth and sterol composition of Dermestes maculatus. J. Insect 
Physiol., 17: 1295-1303. 
Kambysellis, M. P. and Williams, C. M. (1972). Spermatogenesis in cultured 
testis of cynthia silkworm: Effects of ecdysone and of prothoracic 
glands. Science, 769-770. * 
Kaplanis, J. N., Tabor, L. A., Thompson, M. J., Robbins, W. E. and Shortino, 
T. J. (1966). Assay for ecdysone (moulting hormone) activity using the 
house fly, Musca domestica L. Steroids, 8: 625-631. 
Kapur, S., Singh, J. P. and Jindal, O. K. (1982). Lipids during postembryonic 
development of holometabolous (Coccinela septumpunctata) and a 
hemimetabolous (Dysdercus cingulatus). Insect Ind. Zool., 6(1-2): 1-4. 
Kareem, A., Saxena, R. C. and Boncodin, M. E. M. (1988). Neem seed kernel 
extract and neem seed bitters affect on oviposition and hatchability of 
eggs of Nephotettix virescens. Neem /Vews/.,5(1): 9-10. 
Karlson, P. and Hoffmeister, H. (1963). Zur Biogenese des Ecdysone-I. 
Unwandlung von cholesterin in Ecdyson. Hoppe Seylers Z. Physiol. 
Chem., 331:298-300. *** 
Karnavar, G. K. (1987). Influence of azadirachtin on insect nutrition and 
reproduction. Proc. Indian Acad. Sci. (Anim. Sci.), 341-347. 
Katiyar, V. N. and Lemonde, A. (1972). Biological effects of some 
organophosphate and carbamate insecticides on the confused flour 
beetle. J. Econ. Entomol.,65(4): 939-942. 
Kaur, A. K., Thakur, S. S. and Raja, S. S. (1989). Chysanthemum indicum an 
effective growth and development inhibitor of Dysdercus similis. J. 
Envi.Bioi, 10(4): 373-377. 
Kaur, H., Dhillon, S. S. and Sandhu, R. (1994). Histopathological effects of 
4,4,6-trimethyl-1H,4H-pyrimidine-2-thiol on the testis of Dysdercus 
koenigii Fabr. Annl. Entomol., 12(1): 25-27. 
Kaur, H., Sandhu, R. and Dhillon, S. S. (1991). Effects of TPT on the ovariole 
of red cotton bug: a histopathological and histochemical study. Annl. 
Biol., 7(1): 25-30. 
Kaur, S. and Dhanju, C. K. (1004). Enzymatic changes induced by some 
organophosphorous pesticides in female rats. Ind. J. Exp. Biol., 42: 
1017-1019. 
122 
Kaur, S. and Dhanju, C. K. (2005). Biochemical effects of some 
organophosphorous pesticide on the ovaries of albino rat. Ind. J. 
Physiol. Pharmacol., 49(2): 148-152. 
Kauser, G. and Koolman, J. (1984). Ecdysterial receptors in tissues of the 
blowfly, Calliphota vicina. In: Advances in Invertebrates Reproduction 3 
(ed by Engels, W.) pp.602., Elseiver, Amsterdam. 
Khowaja, J. and Qamar, A. (2002). Changes in fecundity, longevity and 
weight of Dysdercus cingulatus Fabr. (HemipteraPyrrhocoridae). J. 
Eco Physiol., 5(3-4): 97-105. 
Khowaja, J., Khan, M. A., Qamar, A. and Khan, B. A. (1993). Cythion (an 
organophosphate) as inhibitor of growth and reproduction of 
Spodoptera litura Fabr. (Lepidoptera:Noctuidae). Bio. Sci. Res. 
Bull.,9(1 -2): 27-32. 
Khowaja, J., Khan, M. A., Qamar, A. and Khan, B. A. (1994). Biological effects 
of sublethal concentrations of monocrotophos on Dysdercus cingulatus 
Fabr. (HemipteraPyrrhocoridae). J. Ent. Res., 18(1): 37-44. 
Khowaja, J., Mumtaz, A.K., Qamar, A. and Khan, B. A. (1992). Changes in 
fecundity, fertility, longevity and weight of Dysdercus cingulatus 
(HemipteraPyrrhocoridae) following topical application of 
monocrotophos. Proc. 79ih Ind. Sci. Cong., Part III, Section IX: 76-77 
(Adv. Abstract). 
King, R. C, Rubinson, A. C. and Smith, R. F. (1956). Oogenesis in adult 
Drosophila melanogaster. Growth, 20:121-157. 
Kitherian, S., Jasmine, A., Pratchas, S., Sahayaraj, K., Abitha, J. and 
Selvaraj, P. (2003). Side effects of selected biopesticides on reduviid 
predator Rhynocoris marginatus (Fab.). Entomologia Croatica, 7(1-2): 
43-50. 
Kodieck, E. and Levinson, Z. H. (1960). Metabolism of beta-sitosterol and 
other lipids in the presence of acetate-2-C14 by blowfly larvae. Nature, 
London., 188:1023-1025. 
Konecky, Mitlin L. and Mitlin, N. (1955). Chemical impairment of development 
in house flies. J. Econ. Entomol.,48: 219-220. 
Koul, O. (1984). Azadirachtin II interaction with the reproductive behaviour of 
red cotton bug. Ent. Exp. Appl., 36: 85-88. 
Kraus, W., Bokel, M. Klenk, A. and Pohnl, H. (1985). The structure of 
azadirachtin and 22,23-dihydro-23p-methoxyazadirachtin. 
Tetrahederon Letters, 26: 6435-6438. 
LaBrecque, G. C. (1961) Studies with three alkylating agents as house fly 
sterilants. J. Econ. Entomol., 54(4): 684-689. 
Ladd, T. I., Jacobson, M. Jr. and Buriff, C. R. (1978). Japanease beetle: 
Extracts from neem tree seeds as feeding detterents. J. Econ. 
Enfomo/.,71:810. 
Lagadie, L. and Bernard, L. (1993). Topical and oral activities of Imidacloprid 
and cyfluthrin against susceptible laboratory strains of Heliothis 
virescens and Spodoptera littoralis. Pest Sci., 38: 323-328. 
Lagueux, M., Sail, C. and Hoffmann, J. A. (1981). Ecdysteroids during 
embryogenesis in Locusta migratoria. Amer. Zool., 21: 715-726. 
123 
Lamb, R. and Saxena, R. C. (C. F., Schmuttere, H.) (1990). Ann. Rev. 
Ent.,35: 217-297. 
Lang, C. A., Lau, H. Y. and Jefferson, D. J. (1965). Protein and nucleic acid 
changes during growth and aging in the mosquito. Biochem.J., 95: 372-
377. 
Leuschner, K. (1972). Effect of an unknown plant substance on a shield bug. 
Naturuwissenschaften, 59: 217-218. 
Levinson, Z. H. (1960). Dietary sterol in insects and evolution of insect 
evolution of insect sterol requirement. Vol. 3 (Proc. 11. Inter. Congress 
Ent.) Vienna, 145. 
Lowry, D. T. and Isman, M. B. (1996). Inhibition of aphid 
(Homoptera:Aphididae) reproduction by Neem seed oil and 
azadirachtin. J. Econ. Entomol., 89(3): 602-607. 
Lowry, O. H., Rosebrough, N. G., Farr, A. L. and Randall, R. G. (1951). 
Protein measurements with folin phenol reagent. J. Biol. Chem., 193: 
265-275. 
Ludlum, C. T. and Sieber, K. P. (1988). Effect of azadirachtin on oogenesis in 
Aedes aegypti. Physiol. Ent, 13:177-184. 
Lutz-Ostertag, Y., Meiniel, R. and Lutz, 1-1.(1969). Action du parathion sur le 
development de I'embryon de caille. C. R. Acad. Sci. Paris 268: 2911-
2913. 
Madeira, A. M. C. and Madeira, V. M. C. (1994). Partition of malathion in 
synthetic and native membranes. Biochem. Biophys. Acta, 90: 61-67. 
Maheshwari, S. S. and Sehgal, S. S. (1981). Effect of tepa on nucleic acid 
and protein contents in developing red cotton bug, Dysdercus koenigii 
Fabr. Ind. J. Ent, 43(4): 341-347. 
Maheswari, S, C , Sehgal, S. S. and Saxena, V. K. (1981). Effects of tepa on 
the gonads of red cotton bug, Dysdercus koenigii Fabr. Ind. J. Ent, 
43(3): 241-251. 
Mandal, P. and Bhattacharya, A. K. (2003). Azadirachtin the most potent 
neem derivatives effect on Spilosoma obliqua. Ind. J. Ent, 65(2): 170-
176. 
Mansour, F., Ascher, K. R. S. and Omari, N. (1987). Effect of neem 
(Azadirachta indica) seed kernel extracts from different solvents on the 
predacious mite, Tetranychus cinnabarinus. Phtoparasitica, 15: 125-
130. 
Martinez, S. S. and Emden, H. F. V. (1999). Sub-lethal concentrations of 
azadirachtin affect food intake, conversion efficiency and feeding 
behavior of Spodoptera littoralis (Lepidoptera:Noctuidae). Bull. Ent. 
Res., 89:65-71. 
Martinez, S. S. and Emden, H. F. V. (2001). Growth disruption, abnormalities 
and mortality of Spodoptera littoralis (Boisduval) (Lepidoptera: 
Noctuidae) caused by azadirachtin. Neotropical Entomology, 30(1): 
113-125. 
Matolin, S., Soldam, T. and Landa, V. (1978). Chemosterliant on the 
reproductive organs of Leptinotarsa decemlineata. A. Ent. Bohem.,75: 
102-108. 
124 
McKennis, H. (1974). The growth promoting activity of cholesterol and related 
compounds in black carpet larvae. J. Biol. Chem., 167: 645-665. 
Mills, R. R., Greenslade, F. G. and Couch, E. F. (1966). Studies on 
vitellogenesis in American cockroach. J. Insect Physiol., 12: 767-779. 
Milton, M. C. J. and Venkesan, P. (1999). Impact of sex, food and 
reproductive activity on the protein composition of different tissue of the 
water bug, Diplonychus indicus (Hemiptera:Belostematidae). J. Ent. 
Res., 23(2): 121-126. 
Mishra, D. S. (1981). Histopathology of insect tissues exposed to pesticides. 
Ind. J. Ent.,A3(4): 348-360. 
Mitlin, N. and Broody, A. M. (1958). The effect of some biologically active 
compound on the growth of house fly ovaries. J. Econ. Entomol., 51(3): 
384-385. 
Mitlin, N. and Wiygul, G. (1971). Synthesis of nucleic acid and protein in the 
boll weevil fed with busulphan. Annl. Ent. Soc. Amen.,64(4): 822-824. 
Mitlin, N., Butt, B. A. and Shortino, J. T. (1957). Effect of mitotic poisons on 
house fly oviposition. Physiol. Zooi, 30:133-136. 
Mitlin, N., Mitlin, S. K. and Piquett, P. G. (1954). The effect of a folic acid 
antagonist on the house fly. J. Econ. Entomol., 46:932. 
Morgan, P. B. and La-Breeque, G. C.(1962). The effect of apholate on ovarian 
development of housefly. J. Econ. Entomol., 55: 626-628. 
Mukherji, S. P. and Mishra, D. S. (!971). Effect of certain insecticides on the 
gut epithelia, caeca and malpighian tubules of paddy grasshopper, 
Hieroglyphus banian F. (Acrididae:Orthoptera). Ind. J. Zooi, 12(2): 
135-142. 
Mulmule, S., Thakur, V. K. and Kaur, J. (1988). Histopathological effects of 
some insecticides on the ovaries of meloid beetle, Mylabris pustulata. 
Entomon, 13(1): 61-68. 
Murugan, K. and Ancy George Sr. (1992). Feeding and nutritional influence 
on the growth and reproduction of Daphnis nerii Linn. 
(Lepidoptera:Sphingidae). J. Insect Physiol., 38: 961-968. 
Murugan, K., Jahanmohini, P. and Babu, R. (1993). Effect of neem kernel 
extract and neem oil on nutritive and reproductive physiology of 
Heliothis armigera Hub. World neem Conference, India, pp. 321-334. 
Nielsen, D. J. and Mills, R. R. (1968). Changes in electrophoretic properties of 
haemolymph and terminal oocyte protein during vitellogenesis in the 
American cockroaches. J. Insect Physiol., 14: 163-170. 
Norris, D. M., Baker, J. M. and Chu, H. M. (1969). Symbiotic inter-relationship 
between microbes and ambrosia beetles. III. Ergosterol as source of 
sterol in insects. Annl. Ent. Soc. Ameri., 62:413-414. 
Ochse, I. (1981). Zur Wirkung von Rohestrakten aus samen des Niembaumes 
(Azadirachta indica A. Juss) auf die Baumwollrotwanze (Dysdercus 
fasciatus Sign.) Dip. Thesis, Univ. Giessen, FRG. 
Oliviera, P. L, Gondium, K. C, Guedes, D. M. and Masuda, H. (1986). 
Uptake of yolk protein in Rhodnius prolixus. J. Insect Physiol., 32: 859-
866. 
125 
Orr, C. W. M. (1964a). The influence of nutritional and hormonal factors on 
the chemistry of the fat body, blood and ovaries of blowfly, Phormia 
regina Meigen. J. Insect Physiol., 10: 103-119, 
Orr, C. W. M. (1964b). The influence of nutritional and hormonal factors on 
egg development in the blowfly, Phomia regina Meigen. J. Insect 
Physiol., 10: 53-64. 
Ouye, M. T. and Knutson, H. (1957). Reproductive potential, longevity and 
weight of houseflies following treatment of larvae with malathion. J. 
Econ. Entomol., 50(4): 490-493. 
Padamaja, P. G. and Rao, P. J. (1999). Effect of plant oils on the fat body 
proteins of Helicoverpa armigera. Ind. J. Enr.,61(4): 330-336. 
Pandey, N. D., Singh, L, Singh, Y. P. and Tripathi, R. A. (1987). Effect of 
certain plant extract against Lipaphis erysimi Kalt. under laboratory 
conditions. Ind. J. EnL, 49(2): 238-242. 
Pandey, N. D., Singh, L, Singh, Y. P. and Tripathi, R. A. (1987). Effect of 
certain plant extracts against Lipaphis erysimi Kalt. under laboratory 
conditions. Ind. J. Ent, 49(2): 238-242. 
Pandey, R. and Raju, S. V. S. (2003). Bio-efficacy of some insecticides 
against, dimond back moth, Plutella xylostella. Ind. J. Ent, 65(3): 368-
372. 
Panickar, B. K., Bharpoda, T. M., Patel, J. J. and Patel, J. R. (2003). Ovicidal 
effect of botanical and synthetic insecticides on bollworms. Ind. J. Ent, 
65(2): 292-293. 
Parmar, B. S. (1993). Scope of botanical pesticide in integrated pest 
management. J. Insect Sci., 6(1): 15-20. 
Pathak, P. H. and Krishna, S. S. (1985). Neem oil, a capable ingredient to 
check rice moth reproduction. Zeitschrift fuer Angewanbu Entomologie, 
100: 33-37. 
Paul, S. K., Ghosh, M. R. and Sahu, C. (1991). Toxic effects of insecticides in 
the histomorphology of testis of Diacrisia obliqua walker 
(Arctiidae:Lepidoptera). Annl. Entomol., 9(1): 55-60. 
Pearson, E. O. (1934). Preliminary observations on cotton stainers and 
internal boll disease of cotton in South Africa. Bull. Ent. Res., 25: 384-
414. 
Peferon, M. and de-Loof, A. (1986). Synthesis of vitellogenic and non-
vitellogenic yolk protein by the fat body and the ovary of Leptinotarsa 
decimlineata. Comp. Biochem. Physiol., 83(B): 251-254. 
Pickett, A. D. and Patterson N. A. (1963). Arsenates: Effect on fecundity in 
some Diptera. Science, 140 (3566): 490-493. 
Pickford, R., Ewen, A. B. and Gillott, C. (1969). Male accessory gland 
substance and egg laying stimulant in Melanoplus sanguinipes (F.) 
(Orthoptera:Acrididae). Can. J. Zool., 47: 1199-1203. 
Pilat, M. (1935). Histological researches into the action of insecticides on the 
intestinal tube of insects. Bull. Ent. Res., 26: 169-180. 
Prabhakar, N., Toscano, N. C. and Henneberry, T. J. (1999). Comparison of 
neem, urea and Amitraz as oviposition suppresants and larvicides 
127 
Rao, N.S., Raguraman, S. and Rajendran, R. (2003). Laboratory assessment 
of the potentiation of neem extract with the extracts of sweet-flag and 
pungam on bhendi shoot and fruit borer, Earias vitella (Fab.). Entomon, 
28(3): 277-281. 
Reddy, M.U., Bharati, S.R. and Reddy, D. D. R.(1999). Efficacy of some 
vegetable oils as protectants against the pulse beetle (Callosobruchus 
chinensis) in green gram (Phaseolus aureus) during storage. Ind. J. 
Nut. Diet, 36(10): 436-442. 
Reinecke, L. R., Klassen, W. and Norland, J. F. (1969). Damage to testes and 
recovery of fertility in boll weevils fed chemosterilants. Annl. Ent. Soc. 
Ameri, 62: 511-525. 
Rembold, H. (1984). Secondary plant products in insect control with reference 
to azadirachtin. In: Advances in Invertebrates Reproduction, 3rd ed. (ed. 
W. Engles) Elsiever, Amsterdam, pp.481-491. 
Rembold, H. (1989). Isomeric azadirachtins and their mode of action, pp. 47-
68. In M. Jacobson (ed..), Focus on phytochemical pesticides, Vol. 1: 
the neem tree. CRC, Boca Raton, FL. 
Rembold, H. and Sieber, K. P. (1981). Inhibition of oogenesis and ovarian 
ecdysteroid synthesis by azadirachtin in Locusta migratoria 
migratoroides (R. & F.) Z. Naturforsch, 36c: 466-489. 
Rembold, H., Forster, H., Czoppelt, C. Rao, J. P. and Sieber, K. P. (1984). 
The azadirachtins a group of insect growth regulators from the neem 
tree, pp. 153-162. In Schmutterer H. and Ascher K. R. S. (eds.) Proc. 
2nd Inter. Conf., Rauischolzhausen, 1983 Eschborn, Germany. 
Rembold, H., Sharma, G. K. and Czoppelt, C. (1981). Growth regulating 
activity of azadirachtin in two holometabolus insects. In: Natural from 
the Neem Tree (Azadirachta indica A. Juss). "Proc. 1st Neem Conf. 
Rottach-Egern, W. Germany. 1980. Eds. Schmutterer, H., Ascher, K. 
R. S. and Rembold, H. pp. 121-128. 
Rembold, H., Sharma, G. K., Czoppelt, C. and Schmuttere, H. (1982). 
Azadirachtin: a potent insect growth regulator of plant origin. Z. Ang. 
Ent, 93: 12-17. 
Rembold, H., sharma, G. K., Czoppelt, C. and Schmutterer, H. (1980). 
Evidence of growth disruption in insect without feeding inhibition by 
neem seed fractions. Z. Pflkrankh Pfschutz, 87: 290-297. 
Riar, S. S., Devkumar, C. and llavazhagan, G. (1990). Contraception, 42(4): 
479-487. 
Ridgway, R. L, Jones, S. L. and Lindquist, D. A. (1965). Effect of American 
cynamide CL-47031 on fecundity and longevity of boll weevi. J. Econ. 
Entomol., 58:790-791. 
Ring, R. A. (1973). Changes in dry weight, protein and nucleic acid content 
during diapause and normal development of the blowfly, Lucilia 
sericata. J. Insect Physiol., 19: 481-494. 
Robbins, W. E., Kaplanis, J. N., Svoboda, J. A. and Thompson, M. J. (1971). 
Steroid metabolism in insects. Ann. Rev. Ent, 16:53-72. 
Robbins, W. E., Kaplanis, J. N., Thompson, M. J., Shortino, T. J. and Joyner, 
S. C. (1970). Ecdysones and synthetic analogs: molting hormone 
128 
activity and inhibitive effects on insect growth, metamorphosis and 
reproduction. Steroids, 16:105-125. 
Rockstein, M. (1978). Biochemistry of Insects, (Academic Press, New York). 
Rossner, J. and Zebitz, C. P. W. (1986). Effect of soil treatment with neem 
products on earthworm (Lumbricidae). In: Natural pesticides from the 
Neem Conf., Nairobi. Ed. By Schmutterer, H., Ascher K. R. S., 
Eschborn GT. 627-632. 
Ruscoe, C. N. E. (1972). Growth distruption effects of an insect antifeedant. 
Nature New Biol., 236:159-160. * 
Sabhanayakam, S.N., Ramalingam, K., Selvi, S. and Krishnakumari, R. 
(1993). Effect of neem oil on the male Odontopus varicornis (Dist.) 
(Hemiptera:Pyrrhocoridae) World Neem Conf. India,315-319. 
Sahayaraj, K. and Pulraj, M. G. (1999). Toxicity of some plant extracts against 
life stages of a reduviid predator, Rhynocoris marginatus. Ind. J. Ent, 
61(4): 342-344. 
Saradamma, K., Dale, D. and Das, N. M. (1993). Juvenomimitic activity of 
benzene extracts of twenty plants from Kerela on the red cotton bug, 
Dysdercus cingulatus (Fabr.) World Neem Conf. India, 1019-1028. 
Saxena, B. P., Tikku, K. and Koul, O. (1977). Spermatogenesis in Dysdercus 
koenigii and induced sterility by acorus calamus oil vapours. Acta Ent. 
Bohem., 74(6): 381-387. 
Saxena, R. C. (1989). Insecticides from Neem. ACS Symp. Ser. 387 (Eds. 
Amason, J. T., Philogene, BJP and Morand, P.) pp. 110-135. Ameri. 
Chem. Soc. Washington D. C. 
Saxena, R. C, Zhang, Z. T. and Boncodin, M. E. M. (1993). Neem oil affect 
courtship signals and mating behavior of brown planthopper, 
Nilaparvata lugens (Stal) (Homop:Delphacidae) females. J. Appl. 
Entomol., 116:127-132 
Saxena, S. C. and Bhatnagar, P. (1980). Histopathological & Biochemical 
changes in panoistic ovary of chemosterilized cockroach Periplaneta 
americana (L). Ind. J. Exp. Biol., 18: 35-38. 
Saxena, S. C. and Vickram, A. (1969). Histopathology and histochemistry of 
insects treated with chemosteriliant. I. On the deservation in active 
testes of Poeciloerus pictus (Orthoptera:Acrididae) treated with 
apholate. Cytologia, 34: 399-404. 
Schauest, M. (1984) Effect of variously formulated neem seed extracts on 
Acythosiphon pisum and Aphis fabae. In Natural pesticides from the 
Neem tree and other tropical plants. Proc. ^Inter.Neem Conf., 
Rauischholzhausen, 1983, GTZ, Eschborn, 141-150. 
Schluter, U. (1985). Occurrence of weight gain reduction and inhibition of 
metamorphosis and storage protein formation in last instar of Mexican 
bean beetle, Epilachna varivestis after injection of azadirachtin. 
Entomol. Exp. Appl., 39: 191-195. 
Schluter, U. (1987). Effects of azadirachtin on developing tissues of various 
insect larvae, pp. 331-348. In H. Schmutterer and K. R. S. Ascher 
(eds.), Natural pesticides from the neem tree (Azadirachta indica A. 
129 
Juss.) and other tropical plants. Proc. Winter. Neem Conf., 
Nairobi, 1986. GTZ, Eschborn, Germany. 
Schluter, U. and Schulz, W. D. (1983). Structural damage caused by neem in 
Epilachna varivestis: A summary of histological and ultrastructural data. 
Tissues affected in larvae. Proc. 2"dlnter. Neem Conf., 
Rauischholzhausen, GTZ, Eschborn, pp. 227-236. 
Schluter, U. and Schulz, W. D. (1984). Structural damages caused by neem in 
Epilachna varivestis. A summary of histological and ultrastructural data. 
I. Tissues affected in larvae, pp.227-236, In H. Schmutterer and K. R. 
S. Ascher (eds.), Natural pesticides from the neem tree (Azadirachta 
indica A. Juss.) and other tropical plants. Proc. 2"dlnter. Neem Conf., 
Rauischholzhausen, Germany, 1983, GTZ, Esschborn, Germany. 
Schluter, U., Bidman, H. J. and Grews, S. (1985) Azadirachtin affects growth 
and endocrine events in larvae of tobacco hornworm, Manduca sexta. 
J. Insect. Physiol., 31: 773-777. 
Schmidt, E. L. and Williams, C. M. (1953). Physiology of insect diapause. V. 
Assay of the growth and differentiation hormones of Lepidoptera by the 
method of tissue culture. Biol. Bull.,105: 175-187. * 
Schmidt, G. H. and Pesel, E. (1987). Studies of the sterilizing effects of neem. 
J. Agric. Food Chem., 43: 507-512. 
Schmutterer, H. (1987). Fecundity-reducing and sterilizing effects of neem 
seed kernel extracts in the Colorado potato beetle, Leptinotarsa 
decemlimeat. In: Natural Pesticides from the Neem Tree and other 
Tropical Plants. Eds. Schmutterer, H. and Ascher, K. R. S. Proc. 
Winter. Neem Conf. Nairobi, 1986, Eschborn. GTZ. 
Schmutterer, H. (1990). Properties and potential of natural pesticides from 
neem tree, Azadirachta indica. Ann. Rev. Ent, 35:217-297. 
Schmutterer, H. (1997). J. Appl. Ent, 121: 121-128. 
Schmutterer, H. and Hoist, H. (1987). On the effects of the enriched and 
formulated neem seed kernel extract AZT-VR-K on Aphis mellifera L. J. 
Appl. Ent, 103:208-213. 
Schmutterer, H. and Rembold, H. (1980). Zur wirkung einiger Reinfraktianen 
aus samon von Azadirachta indica auf FraBaktivital und Metamorphose 
von Epilachna varivestis (Coleoptera:Coccinellidae). Z. Ang Ent, 89: 
179-188. * 
Schulz, W. D. (1981). Pathological alterations in the ovaries of Epilachna 
varivestis induced by an extract from Neem Tree (Azadirachta indicia 
A. Juss). Proc. 1stlnter. Neem Conf, (ed. By H. Schmutterer, K. R. S. 
Ascher and H. rembold), pp. 81-96. G. T. Z., Eschborn. 
Schulz, W. D. and Schluter, U. (1984). Structural damages caused by neem in 
Epilachna varivestis. A summary of histological and ultrastructural data. 
II. Tissues affected in adults. Proc. 2"dlnter. Neem Conf, 
Rauischholzhausen, 1983 (Ed. By Schmutterer H. and Ascher K. R. 
S.), pp. 237-252. GTZ, Eschborn. 
Searcy, D. G. and Maclnnis, A. J. (1970). The Lowry protein determination of 
RNA by the Dische orcinol technique and determination of DNA by 
Burton diphenyamine technique. In: "Experiments and techniques in 
130 
Parasitology" (A. J. Maclnnins and V. Voge Eds.) pp.188-191. W. H. 
Freeman and company San Francisco. 
Sharma, G. K., Czoppelt, C. and Rembold, H. (1980). Further evidence of 
insect growth disruption by neem seed fractions. Z. Ang. Ent., 90: 439-
444. 
Sharma, S. P. and Sharma, G. (1979). Age related protein changes in 
bruchids zabrates subfasciatus & Callosobruchus maculatus. Ind. J. 
Exp. Biol., 17:1197-1200 
Sharma, V. P. (1966). Pharmacology and histopathology of certain 
insecticides as "Stomach poisons" to honey bee, Aphis mallifera L 
Cana. Ent, 831, 39-61. 
Shukla A. and Kumar A. (2002). Ovicidal properties of some plant oils against 
pigeonpea pod sucking bug, Clavigralla gibbosa Spinola (Coreidae: 
Hemiptera). PI. Prot. Bull., Faridabad., 54(1-2): 15-16. 
Sieber, K. P. and Rembold, H. (1983). The effects of azadirachtin on the 
endocrine control of moulting in Locusta migratoria. J. Insect Physiol., 
29: 523-527. 
Sifat, S. and Khan, M. A. (1974). Changes in total protein of the whole body 
and ovaries of Dysdercus cingulatus in relation to age and 
reproduction. J. Anim. Morph. Physiol., 21: 64-70. 
Sifat, S. and Khan, M. A. (1983). Changes in electrophoretic pattern of 
ovarian proteins of Dysdercus cingulatus related with age and 
reproduction. J. Anim. Morph. Physiol., 30: 34-41. 
Simek, V. and Matuska, J. (1987). Changes in the composition of tissue lipid 
during development of bug, Dysdercus koenigii. Scripta Facultatis 
Scientiarum Naturalium Universitatis Purkyriianae Brunensis, 17: 9-10. 
Singh, A. K. and Kumar, D. (1998). Developmental profile of proeins of 
salivary glands and haemolymph of Dysdercus koenigii. Ind. J. 
Ent.,60(A): 374-378. 
Singh, D. (2002). Histopathological effects of thiotepa on the female 
reproductive system of Earias fabia. Ind. J. Ent, 64(4): 493-498. 
Singh, D. S. and Singh, J. P. (1998). Relative susceptibility and development 
of resistance in Spodoptera litura larvae against some pyrethroid and 
non-pyrethroid insecticides. Ind. J. Ent, 60(2): 177-180. 
Singh, J. P. and Nath, V. (2002). Efficacy of sub-lethal dietry concentrations of 
insecticides on growth and development of first instar larvae of maize 
stalk borer, chilo parfe//us.(swinhoe). Shashpa, 9(1): 77-81. 
Singh, M. (1990). Effect of some insecticides on the alimentary canal of 
surface grasshopper, Chrotogonus trachypeterus Blanchard 
(Pyrgomorphidae:Orthoptera) Ind. J. Enf.,52(1): 84-99. 
Singh, N. and Pandey, N. D. (1987a). Quantitative determination of alkaline 
phosphatase in different tissues of red cotton bug, Dysdercus koenigii 
Fabr. Ind. J. Enf.,49(2): 2. 
Singh, N. and Pandey, N. D. (1987d). Kinetic studies on alkaline phosphatase 
of Diacrisia obliqua. Walker. Ind. J. Ent, 49(3): 351-354. 
Singh, N. and Pandey, R. S. (1987b). Kinetics of alkaline phosphatase in 
Dysdercus koenigii (Fabr.). Ind. J. Ent, 49(2): 283-287. 
131 
Singh, N. and Pandey, R. S. (1987c). Alkaline phosphatase activity in the life 
cycle stages of Dysdercus koenigii (Fabr.) Ind. J. Ent, 49(3): 420-423. 
Singh, R. P. (1993). Neem for the management of stored grain insects in 
developing countries. Pp. 69-80 Souvenir. World Neem Conf., Indian 
Soc. Tob. Sci. Central Tobacco Research Institute, Rajahmundary(A.P) 
Singh, R. P., Devakumar, C. and Dhingra, S. (1988). Activity of neem 
(Azadirachta indica A. Juss) seed kernel extract against the mustard 
aphid, Lipaphis erysimi. Phytoparasitica, 16: 225-229. 
Singh, S. S., Tiwari, B. C. and Rao, V. K. (2003). Comparative efficacy of 
some modern insecticides and neem based formulations against 
cabbage butterfly, Pieris brassicae. Ind. J. Ent, 65(2): 264-267. 
Slansky, F. Jr. (1992). Allelochemical nutrient interactions in herbivore 
nutritional ecology. In: Herbivores: Their interaction with secondary 
plant metabolites, Vol. II, Evolutionary and Ecological Process. Ed. G. 
A. Rosenthal. Academic Press, San Diego, pp. 135-174. 
Slansky, F. Jr. and Scriber, J. M. (1985). Food consumption and utilization. In: 
Comprehensive Insect Physioogy, Biochemistry and Pharmacology. 
Eds. G. A. Kerkut and L. I. Gilbert. Pergamon Press, Oxford, pp. 87-
164. 
Smith, S. L. and Mitchell, M.J. (1988). Effects of azadirachtin on insect 
cytochrome P-450 dependent ecdysone 20-monooxygenase activity. 
Biochem. Biophys. Res. Comm., 154: 559-563. 
Spollen, K. M. and Isman, M. B. (1996). Acute and sublethal effects of a neem 
insecticide on the commercial biological control agents, Phytoseiulus 
persimilis and Amblyseeus aphidimyza (Diptera:Cecidomyiidae). J. 
Econ. Entomol., 89(6): 1379-1386. 
Spradbery, J. P. and Schweizer, G. (1979). Ingestion of food by the adult 
screw worm, Chysomya bezzianal (Diptera:Calliphoridae). Entomol. 
Exp. Appl., 25: 75-85. 
Srivastava, K. P. and Parmar, B. S. (1985). Evaluation of neem oil 
emulsifiable concentrate against sorghum aphids. Neem New!., 8: 3-
10. 
Srivastava, M., Paul, A. V. N., Rengasamy, S., Kumar, J. and Parmar, B. S. 
(1997). Effect of neem {Azadirachta indica A. Juss) seed kernel 
extracts on the parasitoid Bracon brevicomisVJesn. (Hym:Braconidae). 
J. Appl. Enf., 121: 51-57. 
Srivastava, S. K. and Krishna, S. S. (1992). Eucalyptus oil odour treatment 
effects on biochemistry of some tissues of female nymphs/adults of 
Dysdercus koenigii. Insect Sci. Applic, 13(1): 145-149. 
Srivastava, V. K. and Kumar, K. (1984). Effect of the chemosterilant bisazir on 
the testis of spotted bollworm, Earias fabiae, Stoll. Toxi., 31(3-4): 335-
342. 
Stebblings, H., Sharma, K. K. and Hunt, C. (1986). Microtubule associated 
proteins in the ovaries of hemipteran insect and their association with 
the microtubule transport system linking nutritive cells and oocytes. 
Eur. J. Cell Biol., 42: 135-139. 
132 
Steets, R. and Schmutterer, H. (1975). Einflub van Azadirachtin auf die 
Lebensdauer und das Reproduktion vermogen Von Epilachna variensis 
Muls. (Coleoptera:Coccinellidae). Z. Pflkrankh Pflschutz, 82:176-179. * 
Stein, U. (1984). The potential of neem for inclusion in a pest management 
program for the control of Liriomyza trifolii on Chrysenthemum. M. S. 
Thesis, Univ. Cal. Berkeley. 
Strangways, Dixon, J. (1961). The relationship between nutrition, hormones 
and reproduction in the blowfly, Calliphorta erythrocepala. I. Selective 
feeding in relation to the reproductive cycle, the corpus allatum and 
fertilization. J. Exp. Biol., 38: 225-235. 
Styczynska, B., Krzeminska, A. and Goszczynska, K. (1969). Effect of some 
organophosphorous insecticides on fertility of M. domestica L. Rocz. 
Panstw. Zak. Hyg., 20: 249-253. 
Sukumar, K. and Naidu, M. B. (1973). Inhibition of ovarian growth by tepa in 
Dysdercus cingulatus. J. Econ. Enfomo/.,66(1): 20-22. 
Sula, J., Gelbic, I. and Socha, R. (1987). The effects of (R-S)-9-(2,3-
diphydroxypropyl) adenine on the reproduction and protein spectrum in 
heamolymph and ovaries of Pyrrhocoris apterus 
(HeteropteraPyrrhocoridae). A. Ent. Bohem., 84(1): 1-9. 
Sundramurthy, V. T. and Chitra, K. (1992). Integrated pest management in the 
cotton. Ind. J. PI. Prot, 20:1-17. 
Suryakala (1998). Protein metabolism in the heamolymph and fat body of 
Spodoptera litura. Ind. J. Ent, 60(2): 123-128. 
Suryakala, Thakur, S. S. and Kishen Rao, B. (1995). Ovicidal activity of plant 
extracts on Spodoptera litura and Dysdercus koenigii. Ind. J. Ent, 
57(3): 192-197. 
Svoboda, J. A., Thompson, M. J., Robbins, W. E. and Kaplanis, J. N. (1978). 
Insect steroid metabolism, Lipids, 13: 742-753. 
Takuchi, S. (1969). Endocrinological studies of spermatogenesis in the 
silkworm Bombyx mori. Dev. Growth Differ., 11: 8-28. 
Taneja, S. K., Sood, V., Taneja, S. and Nath, A. (1979). Effect of apholate on 
neurosecreation of pars intercerebralis, fat bodies and ovarian 
development of red cotton bug, Dysdercus koenigii (F.). Ind. J. Exp. 
Biol., 17: 133-138. 
Tanzubil, P. B. and McCaffery, A. R. (1990). Effects of azadirachtin on 
reproduction in the African armyworm (spodoptera exempta). Entomol. 
Exp. Appl., 57: 115-121. 
Thomas, K. K. and Nation, J. L. (1966). RNA, protein and uric acid content of 
body tissues of Periplaneta americana (I.) as influenced by corpora 
allata during ovarian development. Biol. Bull., Woods Hole, 130: 442-
449. 
Thompson, M. J., Svoboda, J. A., Kaplanis, J. N. and Robbins, W. E. (1972). 
Metabolic pathways of steroids in insects. Proc. R. Soc, (B) 180: 203-
221. 
Toja, S., Morita, M., Agui, N. and Hirumai, K. (1985). Hormonal regulation of 
phase polymorphism and storage protein fluctuation in the common 
cutworm, Spodoptera litura. J. Insect Physiol., 31: 283-292. 
133 
Venugopal, K. J. and Kumar, D. (1997). Electrophoretic studies on the 
developmental profiles of protein in haemolymph, fat body and ovary of 
the red cotton bug, Dysdercus koenigii (Heteroptera:Pyrrhocoridae). 
Entomon, 22(3-4): 185-191. 
Venugopal, K. J. and Kumar, D. (2000). Role of juvenile hormone in the 
synthesis and sequestration of vitellogenins in the red cotton stainer. 
Dysdercus similis (HeteropteraPyrrhocoridae). Toxi. Pharm., 127(2): 
153-163. 
Verma, A. (2004). Effect of certain plant extracts on gonadal maturation of 
Dysdercus koenigii (Pyrrhocoridae:Hemiptera). J. Exp. Zool. Ind., 7(1): 
13-20. 
Vijayaraghavan, C. and Chitra, K. C. (2002). Total protein and free amino acid 
content of Spodoptera litura (Fabr.) due to botanicals and conventional 
insecticides. Ind. J. Ent, 64(1): 92-95. 
Vogt, W. G. and Walker, J. M. (1987). Potential and realized fecundity in the 
bush fly, Musca vetustissima under favorable and unfavorable protein 
feeding regimes. Entomol. Exp. Appl., 44:115-122. 
Warthen, J. D. Jr. (1979). Azadirachta indica: A source of insect feeding 
inhibits and growth regulators. ARM-NE-4, USDA, SEA, Agricultural 
Reviews and Manuals. 
Willig, A., Rees, H. H. and Goodwin, T. W. (1971). Biosynthesis of insect 
molting hormones in isolated ring glands and whole larvae of 
Calliphora. J. Insect Physiol., 17: 2317-2326. 
Woke, P. A. (1940). Effects of some ingested insecticides on the midgut wall 
of southern armyworm larvae. J. Agric. Res., 6: 321-329. 
Yates III, J. R. and Sherman, M. (1970). Latent and differential toxicity of 
insecticides to larvae and adults of six fly species. J. Econ. 
Entomol.,63^): 18-23. 
Yu, S. J. and Nguyen, S. N. (1992). Detection and biochemical 
characterization of insecticide resistance in the diamond back moth. 
Pesticide Biochemistry and Pestology, 44: 74-81. 
Zaidi, Z. S. and Khan, M. A. (1974). Cholesterol concentrations in the 
haemolymph, fat body and gonads of the red cotton bug, Dysdercus 
cingulatus Fabr. (Hemiptera:Pyrrhocoridae) in relation to 
metamorphosis, age and reproduction. Ind. J. Enf.,36(1): 11-16. 
Zaidi, Z. S. and Khan, M. A. (1979). Changes in the total protein levels of the 
haemolymph of Dysdercus cingulatus Fabr. (Hemiptera:Pyrrhocoridae) 
as related to metamorphosis and age. J. Anim. Morphol. Physiol., 26: 
182-187. 
Zaidi, Z. S. and Khan, M. A. (1981). Effects of dipterex on the total cholesterol 
and protein levels of the haemolymph, fat body and gonads of 
Dysdercus cingulatus Fabr. (HemipteraPyrrhocoridae). Zoologischer 
Anzeiger, 206:1-2. 
Zaidi, Z. S., Ansari, H. J. and Khan, M. A. (1982). Cholesterol ester 
concentration in the fat body and gonads of red cotton bug, Dysdercus 
cingulatus Fabr. (HemipteraPyrrhocoridae). Zoologische Jahrbucher 
134 
Abteilung fur Allgemeine Zoologie and Physilogie der Tiere, 86(3): 309-
313. 
Zaidi, Z. S., Ansari, H. J. and Khan, M. A. (1985). Phospholipid concentration 
in the fat body and gonads of red cotton bug, Dysdercus cingulatus 
Fabr. (Heteroptera.Pyrrhocoridae) in relation to growth, metamorphosis 
and reproduction. Bollettino di Zoologia, 52(3-4): 305-308. 
Zhao, D. X., Xu, H. H., Gao, J. L. and Jiang, D. X. (2003). Study on the 
bioactivities of neem seed extracts to green leafhoppers. J. South 
China Agric. Univ., 24(3): 30-32. 
